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Chapter 1 INTRODUCTION

Potato, (Solanum tuberosum L.) (Family: Solanaceae) is one of the important
vegetable crops produced across the nation and in numerous parts of the globe. It is
grown in about 150 countries throughout the world and more than a billion people
worldwide eat potato. About 388,191 MT of potato are produced in the world over an
area of about 19,302,600.00 hectors (FAOSTAT, 2017). Potato is known as the king of

vegetables and is among the five key crops cultivated by the farmers (Sose, 2005).

Potato tubers are very nutritious, enriched with minerals including calcium,
potassium, Vitamin A and C, proteins, carbohydrates, and phosphorus. Moreover, it has
significant amount of phenol compounds coupled with vitamin C as the potential
amount of antioxidants (Brown, 2005) that inactivates reactive oxygen, reduces the
oxidative damage, improvises the immune system and reduces the risk of cancer,

cardiovascular diseases, diabetes, aging, and cataract (Kaur et al., 2004).

The screening of literature revealed that several potatoes species are grown in
over 150 countries across the globe and over a billion people consume them globally.
The top ten global producing nations include Russia, China, USA, India, Germany,
Ukraine, Belgium, Poland, France, and the Netherlands that contribute together about
70% of the overall production (Anonymous, 2011). India ranks 4th in terms of area and
3 in terms of production of potato producing around 51310.00 MT from an area of
214200.0 hectares (NHB, 2018). Important potato producing states of India are Uttar
Pradesh, West Bengal, Bihar, Gujarat, Madhya Pradesh, Punjab, Assam, Chhattisgarh,
Uttarakhand and Odisha where Uttar Pradesh is the largest producer of potato (MAFW,
2019).

Potato crop in Uttarakhand contributes about 10 percent of the total country’s
output about 2500.90 hectares under cultivation. The production of potato during the
year 2018 is 363.97 MT, productivity is about 22.09 T/ha (SHM, 2018). In Uttarakhand
region, there are only certain key pests that must be specifically targeted for control. In
seed production, the pests of greatest concern are usually the aphid vectors of potato

viral diseases, especially Myzus persicae.
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Potato is a rabi season crop which needs a low temperature, low humidity, less
windy and bright sunny days. It does perform well under well-distributed rains or moist
weather condition to high temperatures. Moreover, humidity and rains are not
conducive to potato crop as often suffered from insects, nematodes and disease attacks.
It is estimated that about 65% of the potato harvest is consumed by humans, 15% is
processed and used as fodder, 12.5 % is retained for seed, and 7.5% is wasted due to

spoilage (Horton and Sawyer, 1985).

Reported an actual loss of 39% due to insect pests in potato worldwide, and
without crop protection about 71% of attainable potato production may be lost to pests

(Dehne, 2004).

A number of sucking pests heavily attack this crop viz., aphids (Myzus persicae
Sulzer), thrips (Thrips tabaci Lindeman), jassids (Amrasca biguttula biguttula Ishida)
and whiteflies (Bemisia tabaci Genn), spider mites Tetranychus evansi and T. urticae,
(Tetranychidae) Plants nutrients are sucked by all the pests of potato which directly
damage the plants resulting in twisting and curling of tender parts and general
devitalization causing loss heavily (Misra, 1995). Thrips (Thrips palmi Karney) are the
slender and small sucking insect which are less than 1 mm with fringed wings attach on
the apical portion of foliage. They lacerate the epidermal layer and gulp the soring cell
sap. They bring in tospo virus only at the nymph stage but they hold and transmit
throughout life (Butani and Jatwani, 1984). Whiteflies (Bemisia tabaci) and aphids
(Myzus persicae, Aphis gossypii) are tiny, small insects found on the lower surface of
the leaves which gulp the cell sap from the succulent leaves and also excrete
honeydew-like substance which delays normal physiological processes in the potato
plants (Metcalf and Flint, 1978). Aphids are also responsible for transferring potato
viruses M, A and Y, leafroll virus, apical leaf curl virus, and potato acute mosaic virus
(Chandel et al. 2007) while thrips are responsible for transferring potato stem necrosis
virus (Jones, 2005). Jassids (Amrasca biguttula biguttula) is one of the sucking insects

that carries hopper burn in potato (Lamp ef al. 2004).

These sucking pests of potatoes are responsible for heavy reduction in quality as
well as yield of potatoes. Many reports indicated that mites suck the sap usually from
the lower surface of leaves producing small white specks, which gradually dry and drop

off. The decreased vitality and leaf drop adversely affects the plant growth, flowering,
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and fruiting. In severe infestation, tetranychid mites web profusely and may form a
thick sheath of webbing that covers the entire plant (Grandjean, 1948 and Jeppson et
al., 1975).

The chemicals in insect pest management play a vital role in controlling the
pests so that different types of insecticides are repeatedly sprayed with high doses for
controlling the population of above pests in potato which has resulted into resistance of
pests to insecticides and 3 pest resurgence. Nowadays emphasis is being given on low-
risk insecticides that are active at low field dosages having controlled action span and
least non-target effect. Neonicotinoid insecticides are the fastest growing class of
insecticides imported to the market since the launch of pyrethroids (Nauen and
Bretschneider, 2002). Seven different neonicotinoid compounds are commercially
available worldwide (Jeschke et al., 2011). These are imidacloprid and thiacloprid
(developed by Bayer Crop Science), thiamethoxam (Syngenta), acetamiprid (Nippon
Soda), clothianidin (Bayer Crop Science and Sumitomo), nitenpyram (Sumitomo), and
dinotefuran (Mitsui Chemicals). Among these imidacloprid is a systemic insecticide
and it is the biggest selling insecticide worldwide with a market share above 600
million Euro per year (Jemec et al., 2007). Key benefits of using systemic insecticides
include the provision of continuous plant protection through most of the growing
season without any need for repeated applications over contact insecticides. In addition,
they are not susceptible to the UV light degradation or “wash off” during watering
(Herbert et al., 2008). The mode of action of neonicotinoid insecticides includes their
agonistically action on the insect nicotinic acetylcholine receptors (nAChR). These are
especially active on hemipteran pest species such as plant hoppers, whiteflies, and

aphids (Nauen et al., 2012).

Imidacloprid is highly effective against sucking insects such as leathoppers,
aphids, thrips and mealybugs, and very efficient against whitefly. It is also useful
against some species of biting insects (Elbert et al, 1991). Thiamethoxam, a
neonicotinoid insecticide, has been widely accepted for the use in various crops,
including vegetables, owing to its high efficacy against various chewing and sucking
insect pests (Karmakar et al., 2009). Flonicamid, a pyridine carboxamide compound,
is a novel systemic insecticide with selective activity against hemipterous pests, such as

aphids and whiteflies, and thysanopterous pests. Flonicamid is very active against

Introduction ............... yd



aphids, regardless of differences in species, stages and morphs. This compound
inhibited the feeding behavior of aphids within 0.5 h of treatment without noticeable
poisoning symptoms such as convulsion, and this antifeeding activity was not

recoverable until death (Morita et al., 2007).

Further, to develop economically feasible management strategy and to reduce
unwarranted pesticide load in the environment, knowledge on safer pesticides is also
very much essential. In view of the above facts, the present investigations are under

taken with the following objectives:

1. To study seasonal incidence of various insect pests and mite in potato crop in

Tarai region of Uttarakhand.
2. Comparison of imidacloprid and flonicamid against insect pests of potato.

3. Bioefficacy of some novel insecticides as foliar spray and seed treatment

against insect pests of potato.
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Chapter 2 REVIEW OF LITERATURE

Potato (Solanum tuberosum Linn.) is an important Non-cereal crop and infested
by a number of insect-pests of these sucking pests are the most important as they cause
considerable losses. The references relevant to topic “Management of insect pests of

potato with some novel insecticides” have been summarized.

2.1 To study seasonal incidence of various insect pests and mite in potato crop in
Tarai region.

Several workers have reported the seasonal incidence of varies sucking pests in

potato crop.

Nag (2016) observed that the sucking pest like whitefly, aphid, thrips,
leathopper is the major insect pest of potato crop in Chhattisgarh plain region. The
activity of all these insect pests commenced from second week of December on potato
variety, Kufri lauvkar causing damage at various stages of the crop. The activity of
leathopper peaked during the third week of January recording 4.52 nymphs and adults
per plant with seasonal mean of 2.57 per plant. The density of whitefly reached its peak
population of 4.16 and 3.60 per plant during 3rd weeks of December and January with
seasonal mean of 2.76 per plant. The aphids recorded its peak activity of 13.00 per
plant during last week of January with a seasonal mean of 5.53 aphids per plant. It has
been reported that imidacloprid 17.8 SL (150ml/ha) at 15 days interval was most
effective against aphid, whiteflies, and thrips sand thiamethoxam 25 WG (100g/ha) at

15 days interval was most effective against leathopper.

2.1.1 Seasonal incidence of aphid, Myzus persicae (Sulz.) (Hemiptera: Aphididae)
in potato crop.

Raj and Verma (1989) reported that population growth and development of M.
persicae on potato in India highly fluctuated where its build-up was highest in early
Rabi and lowest in Kharif. Weather conditions may be high influence on population-
dynamics of M. persicae. But Furiatti et al. (1993) determined the population
fluctuation of Myzus persicae by using yellow water traps and related it with

temperature and relative humidity. Highest aphid population was obtained at 18-20°C.
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The significant relationship was obtained between the mean temperature of collecting

days and the number of M. persicae.

Kashyap (1994) reported that aphid Myzus persicae (Sulz.) is predominant
aphid species which infests seed potato crop during studies of four years revealed that
the permissible limit (20 aphid/ 100 compound leaves) in crossed either in 3rd or 4th
week of December depending upon the weather variables, peak aphid population were
observed two weeks after crossing the permissible limit. But Ghosh et al. (2004)
reported that aphid (Aphis gossypii) in Terai region of West Bengal was active
throughout the year and reached to its highest population (94.08/leaf) in early August.
Population of aphid showed significant positive correlation with average temperature,
relative humidity and weekly rainfall. where’re Giordanengo et al. ((2013) reported
that in potatoes, aphids rarely reach populations which lower potato yields by their
feeding alone, due to natural enemy complex including Coccinellidae, predatory bugs
in genera Orius, Nabis, and Geocoris, lacewings, spiders, syrphid fly larvae, and/or
predatory gall midge larvae (Cecidomyiidae), as well as aphid specific parasitoids,

typically solitary koinobionts in family Aphidiidae.

Ghosh et al. (2004) reported aphid peak during early August in Tarai region of
West Bengal and Meena et al. (2013) during first fortnight of September on Kharif
potato. But Shukla (2014) recorded the periodic incidence of different sucking pests on
potato during the crop season .The aphid population reached its peak level (27.17
aphids / 3 leaves) during 14th week after sowing. Results revealed that maximum
activity was recorded during January and the correlation studies showed positive
correlation with rainfall and relative humidity and negative correlation with both

maximum and minimum temperatures.

Pandey et al. (2007) studied the population dynamics of aphids Myzus persicae
in relation to weather parameters during 2005-06 & 2006-07 on two potato varieties
viz., Kufri Ashoka and Kufri Badshah in Terai region. Results revealed that the first
appearance of Myzus persicae was observed in last week of November during 2005-06
and first week of December during 2006-07 on both the varieties and the period of peak
population were observed during 3 week of January. The correlation of aphid

population with temperature and relative humidity revealed significant negative

Review of Literature ............... rd



correlation with temperature and significant positive correlation with relative humidity

but sunshine had no significant effect on population of Myzus persicae.

Nisha Shukla (2014) reported that the periodic incidence of different
sucking pests on potato during the crop season was significant at different period of
crop growth. The period mean revealed that the aphid population was reached to its
peak level (27.17 aphids/3 leaves) during 14™ weeks after sowing. The aphids were
considered as sucking insect pests. Results revealed that maximum activity was
recorded during January and the correlation studies were made between the incidence
of major sucking insect pests and select weather parameters. Aphids showed positive
correlation with rainfall (r = 0.261) and negative correlation with both maximum and

minimum temperature. Aphids showed positive correlation with relative humidity.

2.1.2 Seasonal incidence of whitefly, Bemisia tabaci (Gennnadius) (Hemiptera:
Aleyrodidae) in potato crop.

Reddy et al. (1991) recorded fluctuation of whitefly population in relation to
temperature which is an important abiotic factor. They noticed that there was rapid
multiplication of whitefly at 29°C to 30 °C temperatures on cotton, while negatively

associated with rainfall, relative humidity, and rainy days.

Chaudhuri et al. (2001) found that the maximum population density of
whitefly on tomato (1.68 whiteflies/plant) in West Bengal during mid-February and

high infestation levels were maintained from mid- February to mid-March.

Ali et al. (2004) observed the appearance of whitefly, B. tabacii mid-May and
reached at peak in July. The lowest population was observed at the of the September.
The population density of mites was the highest in early July and lowest in the second
week of September. Experiment conducted at Shimoga in Karnataka by Shivanna ef al.
(2011) revealed that the population of whitefly, B. fabaci in brinjal was active
throughout the year with peak activity of whitefly i.e. 29.50 whiteflies per three leaves
during (2nd fortnight) of April. While, Meena ef al. (2013) noticed that whitefly
population during July to November and attained their peak in first and second week of
September during 2006-07 (6.9 whiteflies/ 3 leaves/plant) and during 2007-08 (6.7
whiteflies/ 3 leaves/ plant), at Rajsamad in Rajasthan. Nonita et al. (2008) reported

maximum whitefly incidence during 2" SMW of January while minimum incidence
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during 12"™ SMW of March. Meena et al. (2012) found that the infestation of shoot and
fruit borer was also observed during November and December and the maximum

population was observed during 6™ and 7" standard week of month February.

Oommen and Kumar (2004) observed that whitefly incidence (5.8 whiteflies/5
plants) started from mid-July. Thereafter, its population increased gradually and
reached to its peak (34.5 whiteflies/S plants) during first week of September. They
recorded (2.05 whiteflies/5 plants). The lowest population of whitefly during the first
week of December a positive correlation was recorded with average temperature and
whitefly population, whereas, it was negatively correlated with average relative

humidity.

Bharadiya and Patil (2005) recorded the maximum activity of B. tabacii
during the fourth week of October. A positive significant correlation was observed
between the whitefly and maximum and minimum temperature, whereas significant
negative correlation was observed between the pest and maximum and minimum
relative humidity, and rainfall. The meteorological factors contributed 72.30-92.30%
for the build-up of whitefly population from the direct count and from yellow sticky

traps (Saha et al. 2001).

Paul and Konar (2005) reported that whitefly (Bemisia tabaci Guen.) appeared
on potato crop during the first week of December and reached its peak during last week
of December with environmental conditions of 17.8 to 20.2°C mean temperature and
75.2 to 77.9% mean relative humidity (R.H.) and very little rainfall. It was also
observed that the pest population was negatively associated with mean temperature (r =
-0.2240 t0-0.7381) and rainfall (r = -0.2162 to -0.4328) whereas positively related with
mean R.H. (r = 0.0155 to 0.6955). The population was profoundly related to climatic
factors while in others, the crop age might have played an important role regarding
population development of the pest. Thus, both abiotic and biotic factors are
responsible for population build of whitefly on potato. But Meena et al. (2010)
reported that the infestation of whitefly (0.8 and 1.2 white /plant) on okra was started in
the first week of August and remained active throughout the crop season and its
population reached at maximum (6.2 and 8.6 whiteflies/plant) in fourth and third week

of September in both the years. The abiotic stress (maximum and minimum

Review of Literature ............... rd



temperature, relative humidity and rainfall) had a nonsignificant correlation coefficient

with the population of whitefly.

Mandloi (2015) studied the activity period of Aphis gossypii Glover from
October 2012 to March 2013 with two distinct peaks (11.22 and 11.66 aphid/ 6 leaves)
during 7" and 11™ SW (standard week) and Liriomyzatri folii Burges was observed
from October 2012 to March 2013 with three distinct peaks (44.56%, 45.95%, and
44.02%) during 10™, 11™ and 12™ SW respectively. While Bemisia tabaci Genn
appeared November 2012 to March 2013 with two distinct peaks (9.84 and 11.85
flies/10cm twigs) during 7™ and 9" SW. Amrasca devastans Ishida and Scirtothrips
dorsolis Hood were observed during November 2012 to March 2013 with two distinct
peaks (9.26 and 9.15 jassid/6 leaves) 9™ and 11™ SW and 7" and 9™ SW (2.08 and 1.85
thrips/ 6 leaves) respectively. Analysis of correlation coefficient between abiotic factors
(weather parameters) and the major insect pests, showed that population of thrips had a
significant positive correlation with evening relative humidity (R.H.), while fruit borer

had a significant positive correlation with rainy days.

Medina-Hernandez ef al. (2019) the present study in the review paper was to
assess the effect of different environmental factor on the population of whitefly Bemisia
tabaci. With this aim, we study the different works done in India and abroad during
1982 to 2017 and found that different environmental factors affect the population in
different extent even variation was found in same factors in different location or

different time.

2.1.3 Seasonal incidence of hopper, Empoasca devastans (Hemiptera:
Cicadellidae) in potato crop.

Bhalani and Patel (1981) reported variation in the nymphal period of jassids,
depending upon the host. He observed that at an average temperature of 27.9°C and
relative humidity of 76.8 percent, the nymphal period was 8.0 days on okra, 8.38 days
on cotton, 9.30 days on hollyhock and 11.20 days on eggplant. The shortest nymphal
period was recorded on okra and cotton while highest (11.66) and lowest (5.55) growth
index was recorded on okra and eggplant, respectively but Shukla (1989) observed
fluctuation of hopper population during the different growth stage of brinjal crop grown

in Meghalaya they found that the population begin to increase in the 1" week of June
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and attained peak (64.28 jassids/ 3 leaves) in last week of August. It showed a positive

correlation with the average temperature, mean relative humidity, and total rain fall.

It is known as hoppers, are plant feeders that suck plant sap from tender plant
part. These are pest and vectors of plant viruses.is a serious insect pest (Ahmad, 1986)
ranging from green, yellow-green to brown in color and occurring throughout the crop
growing period on various crops. Adults and nymphs of feed on the underside of the
leaves by sucking plant sap, which results in yellowing and curling of leaves. They also
inject toxins which result in abnormal changes in marginal chlorosis and reddening or
burning symptom. The blades of severely infested leaves express burning symptom and
such leaves may ultimately drop down (Rahman, 2009). The severity of this pest

depends on the occurrence of congenial weather conditions and crops.

Mahmood et al. (2002) reported that the incidence of leafthopper, showed
positive and significant correlation with maximum and minimum temperatures.
Relative humidity and rainfall were negatively and non-significantly correlated with

population fluctuation. Sunshine was also positive by correlated but not significant.

Ratanpara et al. (1994) reported that population build trend of hopper
negatively associated with temperature while positive relation was observed with

sunshine.

In Haryana Sharma and Sharma (1997) recorded the highest population of
jassid during the first week of August. While Das et al. (2003) reported that the
incidence of jassid commenced from the 26" standard week, reached peak intensity

(69.6/25 leaves) during 30" standard week i.e., last week of July.

Bhatnagar (2007) there was a negative correlation with maximum temperature
and rainfall and non-significantly positive correlation with maximum temperature.
Unlike others, Meena ef al. (2012) observed the maximum incidence of jassids during
52" Standard Week (SMW) of December and minimum was during 12" SMW of
March during Rabi season 2009 on brinjal.

2.1.4 Seasonal incidence of thrips, Thrips palmi (Thysanura: Thripidae) in potato
crop.

Shukla (2006) conducted a field survey to record the seasonal abundance of

Scirtothrips dorsalis on chilli crop and increased continuously till the crop maturity
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43.5 per cent. The pest did not indicate a strong correlation with temperature and
relative humidity. A study was conducted to record the incidence of S. dorsalis on chilli
(Capsicum annuum) initiated from the first week of September until harvesting and the
peak activity was recorded in November (4.99 to 5.54 thrips/leaf) and -March (5.29 to
7.38 thrips/leaf).

Patel et al. (2009) observed a significant positive correlation of thrips with
bright sunshine hours and maximum temperature, but a significant negative correlation
with rainfall, and morning, afternoon and mean relative humidity and vapour pressure.

The thrips population decreased with increasing of rainfall.

Rai et al. (2009) reported that the incidence of thrips commenced from 2™ week
of September to first week of November and was maximum (2 thrips/ three terminal

leaves) in the first week of October.

Pathipati et al. (2014) revealed that the infestation and severity of insect pests
were highly influenced by weather parameters. Thrips population reached its peak
(1.80/Ieaf) in the 52" Standard Meteorological Week (SMW). Thrips population had a
positive correlation with maximum temperature and negative correlation with minimum

temperature, morning and evening relative humidity, and rainfall.
2.2 Effect of imidacloprid and flonicamid against insect pests of potato.

Morita et al. (2007) reported that flonicamid was very effective against aphids,
regardless of differences in species, stages and morphs as this compound inhibited the
feeding behavior of aphids within 30 min. of treatment and this antifeeding activity led
to starvation and death. A study was conducted by Nieto and Simonetta (2008) on
apples and peaches revealed that flonicamid exhibited a high control against aphids and

whiteflies.

Misra (2009) screened four insecticides including flonicamid 50 WG,
imidacloprid 17.8% SL, thiamethoxam 25% WG and clothianidin 50% WDG against
the brown planthopper, Nilaparvata lugens (Stal.). Results showed that low BPH
population (1.40-1.30/hill) was observed with flonicamid 50 WG at 150 g a.i. /ha with a

reduction of 90.30% over untreated control.

Jalali et al. (2009) conducted a laboratory study for the toxicity of pirimicarb,

imidacloprid, dimethoate, lambda-cyhalothrin, flonicamid and spinosad to the two-spot
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ladybird, Adaliabipunctata. Results showed that flonicamid and spinosad had no lethal

effects on larvae and female adults.

Wrzodak and Woszczyk (2011) reported that flonicamid used at the doses 0.14
and 0.16 kg/ha showed a very good effectiveness in the brassica plants protection
against cabbage aphid. A study was conducted by Bartual ef al. (2012) to manage the
aphids Aphis gossypii and Aphispunicae, which were the most important pests of
pomegranate which revealed that the new generation insecticide flonicamid was very

effective in controlling aphids.

Rouhani ef al. (2013) conducted the laboratory evaluation of thiamethoxam,
thiacloprid and flonicamid for mortality of A. punicae under controlled conditions and

reported that flonicamid at 0.1 mg/ml had resulted in the highest mortality.

Chandi ef al. (1969) evaluated flonicamid SOWG @ 50, 75 and 100 g a.i. ha™!
against sucking insect pests and predatory complex and found flonicamid @ 75 g a.i.
ha'lefficacy to be higher or at par with standard checks after 3 and 7 days of spray.
Flonicamid @ 75 g a.i. ha™' provided up to 73.4 per cent reduction in whitefly
population and Per cent reduction of aphid was higher in flonicamid @ 75 g a.i. ha™'
after 3, 7 and 10 days of spray and flonicamid was comparatively safer to predatory

complex.

According to Morita et al. (2007) flonicamid compound inhibited the feeding
behavior of aphids within 0.5 h of treatment without noticeable poisoning symptoms
such as convulsion, and this antifeeding activity was not recoverable until death. The

nymphs born from adults exposed to flonicamid for 3 h showed high mortality.

Konar et al. (2013) reported imidacloprid @ 30g a.i/ha was found most
effective in reducing population of aphids and maximum net return was obtained from
emamectin benzoate @ 18g a..ha-1, the cost-benefit ratio was recorded from

imidacloprid-treated plots i.e. 1:12.16.

Rouhami ef al. (2013) while evaluating four neonicotinoids viz. flonicamid,
imidacloprid, thiamethoxam, and thiacloprid on first instar nymphs of pomegranate
aphid, Aphis punicae passerine under laboratory conditions in Iran, revealed that
imidacloprid was the most toxic chemical followed by thiacloprid, flonicamid and

thiamethoxam in the decreasing order. Both imidacloprid and thiacloprid provided
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highest mortality at lul/ml, followed by flonicamid (0.Img/ml) and thiamethoxam
(0.35mg/ml).

Ghelani et al. (2014) repoted among the insecticidal treatments, flonicamid
0.02 per cent was found more effective against all major sucking pests and imidacloprid
0.0089 per cent against jassid and thiamethoxam 0.01 percent were found effective

against thrips on Bt cotton.

2.3 Bioefficacy of some novel insecticides as foliar spray and seed treatment
against insect pests of potato.

Gupta et al. (1998) reported that foliar application of imidacloprid 200 SL was
highly effective against sucking pests of cotton especially against aphids and
leafhoppers but Kumar and Santharam (1999) observed that the foliar application of
imidacloprid 200 SL at 200 ml/ha was highly effective against sucking pests of cotton.
Sesha Mahalakshmi (2007) reported that the foliar application of imidacloprid 200 SL
(0.33 ml/L) was highly effective against sucking pests and Preetha et al. (2012)
reported that imidacloprid 17.8 SL was quite promising in reducing the population of
aphids and leathoppers without any phytotoxic symptoms. Ahmed et al. (2014)

reported that imidacloprid was safer to natural enemies and toxic for the sucking pests.

Khaire ef al. (1992) conducted experiment on Callosobruchus chinensis (Linn.)
in cowpea to test six vegetable oils viz., castor, mustard, groundnut, sesamum, coconut
and sunflower. All the oils caused significant mortality in adults after three days of
treatment. The castor oil at 1.0 ml/100 g seeds was found to be the most effective

causing 80.7 per cent mortality of adults. Castor oil @ 1.0 ml/100 g seeds.

Chinniah et al. (2000) observed the efficacy of some neonicotinoids against
aphid of okra and reported that imidacloprid 17.8 SL @ 50 g a.i. ha-1 was found the
most effective neonicotinoid insecticide against aphid. Resulted in least aphid
infestation and 84.54 % reduction of population over control. None of the

neonicotinoids have an adverse effect on natural enemies of aphid in okra ecosystem.

Fenigstein et al. (2001) conducted an experiment and observed the effects of
vegetable (seed) oils, peanut, cottonseed, castor, soybean, and sunflower, on adult and
immature stages of the sweet potato whitefly (Bemisia tabaci (Gennadius)

[Hemiptera: Aleyrodidae]) in the laboratory. Peanut oil was the most effective for all
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tested effects, followed by cottonseed oil, which was significantly less effective than
peanut and castor oils when applied directly to eggs. As direct sprays to larvae,
soybean and sunflower oils resembled castor oils, but their residues were less

effective against all stages.

Singh et al. (2003) while evaluating 7 insecticides as a single spray during pink
bud stage against peach leaf curl aphid B. helichrysi in Uttarakhand reported
imidacloprid (0.007%) and thiamethoxam (0.05%) effective with 0.13 and 0.31 per cent
curled leaves, respectively, in the first year where as the respective figures for the next
year were (.00 and 0.55 per cent. In control, the per cent curled leaves recorded were
58.48 and 69.84, during 1* and 2nd year, respectively. Mishra and Zafer (2005) also
reported that imidacloprid treated peach trees showed lowest aphid incidence and better

yield in comparison to all other treatments combinations and control.

Lobna (2012) studied the initial and residual efficacy of three neonicotinoids as
a seed treatment at two rates 2.45 and 4.9 g a.i./kg seed against four early-season
sucking pests Thrips tabaci, Aphis gossypii, Empoasca spp., Bemisia tabaci, adult and
immature). Data obtained revealed that no insecticide tested as seed treatment provided
100% reduction at the tested rates against the four sucking pests. On the other hand,
imidacloprid (Gaucho) seemed to be more effective than the two thiamethoxam
formulations and exhibited excellent initial reduction within the 2-week post-treatment,
evoking remarkably high reduction and reached 89.9, 90.5, 100, 95, and 96.3% for
thrips, aphis jassid, and whitefly adult and immature, respectively when applying the
recommended rate. Late on, Gaucho exhibited satisfactory residual effectiveness and
recorded an overall average reduction after 8 weeks reached 65.3, 53.7, 48.1, 64.2 and

75% for the prementioned sucking pests respectively.

Naggar et al. (2013) in a study on the field evaluation of imidacloprid and
thiamethoxam against sucking insects of cotton found that treatments with imidacloprid
and thiamethoxam as foliar applications were highly effective against aphids and
jassids (up to 14 days), while the effect was moderate on the whitefly population

(mature and immature stages).

Ghosal et al. (2013) conducted an experiment to observe the efficacy of some

neonicotinoids against aphid of okra, A. gossypii Imidacloprid (50 g a.i. / ha),
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thiamethoxam (50g a.i. / ha) and acetamiprid (40 g a.i. /ha) were found effective
recording aphid infestation 1.78, 1.80 and 1.61 respectively, as compared to control
(11.53). Reduction of aphid population over control was 84.55, 84.36 and 84.25per

cent, respectively.

Bharpoda et al. (2014) evaluated nine synthetic insecticides against sucking
insect pest’s viz., leaf hopper (Amrasca biguttula biguttula Ishida), whitefly (Bemisia
tabaci Gennadius), thrips (Thrips tabaci Lindemann) and aphid (Aphis gossypii Glover)
in cotton variety RCH-2 Bt (BG-II) during three consecutive years i.e. 2009-10, 2010-
11 and 2012-13. Among the different insecticides, imidacloprid 17.8 SL @ 0.008%
(7.50 aphid and 1.47 whitefly/ leaf), thiamethoxam 25 WG @ 0.0125% (1.22 leaf
hopper/ leaf) and diafenthiuron 50 WP @ 0.05% (1.43 thrips/ leaf) found more
effective and safer to the natural enemies viz., Chrysoperla carnea (adult), spiders and

coccinellids (grubs and adult).

Patil et al. (2014) conducted field experiment to evaluate and validate the
efficacy of some new insecticides against sucking insect pest’s viz., leathopper, aphid,
andwhitefly in okra. This study revealed that thiamethoxam (0.006%) was found to be
the most effective against aphids resulting in 2.14 aphids/leaf, followed by lambda-
cyhalothrin (0.004%) 2.40 aphids/leaf as compared with control 8.69 aphids/leaf. While
thiamethoxam (0.006%) was effective against leafhoppers population resulting in 3.23
leathoppers/leaf followed by thiamethoxam (0.008%) 3.94 Ileathoppers/leaf as
compared with control (11.49 leathoppers/leaf). Also, in the case of whitefly the
effective treatment recorded was thiamethoxam (0.006%) recording 0.48 whiteflies/leaf
in comparison to 4.57 whiteflies/leaf in control. The recommended doses of

insecticides were found more effective than other doses.

Tomar et al. (2017) evaluated a combination of two different groups of chemical
insecticides against whitefly and other sucking insect pests which occur simultaneously on
potato crop. Results obtained indicated that whitefly could effectively be controlled by
three foliar sprays first and third of diafenthiuron @ 350 g. a.i. /ha.

Kukvaya et al. (2018) carried out an experiment on bio-efficacy of insecticides
against sucking pest of Vigna aconitifolia. The results revealed that out of ten

treatments, imidacloprid 17.8 SL @ 0.005 was found highly effective for the control of
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jassids and thrips at par with acetamiprid 20 SP @ 0.004% while thiamethoxam 25 WG
@ 0.005 was found highly effective against whitefly at par with imidacloprid 17.8 SL

@ 0.005%. The control treatment of nonsprayed condition was found least effective for
the control of jassids, whitefly and thrips.
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Chapter 3 MATERIALS AND METHODS

The present study was conducted in Vegetable Research Center (VRC), Govind
Ballabh Pant University of Agriculture and Technology, Pantnagar during the winter season
of the year 2018-19. The details of material used, experimental procedures followed and

statistical techniques adopted during the course of the investigation is as under.
3.1 Experimental site

The field experiments were carried on “Management of insect pest of potato
with some novel insecticides’’ at Vegetable Research Center (VRC), Govind Ballabh
Pant University of Agriculture and Technology, Pantnagar, District Udham Singh
Nagar (Uttarakhand) During September 2018 to March 2019. Geographically it is
situated at 290N and 790E latitude and longitude respectively, with a height of 243.8 m

above mean ocean level (MSL). Pantnagar falls under humid Subtropical zone.
3.2 Meteorological considerations

Pantnagar has humid sub -tropical climate with hot dry summer, hot and wet
rainy season and cold winters. It is situated near the foothills of Shivalik range of Central
Kumaon Himalayas. It is part of the Tarai region. The temperature may go up to 4 °c
during winters whereas summer temperature may reach 41 % C. The mean annual rainfall
is 134 cm, nearly 80-90 of which is received from end of June to October. The average
annual rainfall of 1350 mm takes place from July to end of September. The monsoon
generally sets around third to the fourth week of June to end of September. The
maximum and minimum daily temperature in summer and winter may reach up to 43°C
and -0.05°C, respectively. Frost generally occurs between ends of December to January
last. The soil of experimental field was clay loam in nature with a pH of 6.8. The weekly
average weather data during the study was obtained from Meteorological observatory

located at Norman E. Borlaugh Crop Research Center, Pantnagar.

However, the total rainfall and its distribution are subjected to large variation. The
mean relative humidity (R.H.) remains nearly constant about 80-90 per cent (7 AM) from
mid-July to the end of February and afterward steadily decreases to 50% by the first week

of May and remain at this level till June. Records of minimum and maximum temperatures,
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relative humidity and rainfall during the period of experiment were collected from

November to February 2018-19 from University Meteorological observations.
3.3 Physical properties of soil of experimental field

The soil of experimental field is Sandy loam in nature with a pH of 6.8. The soil
comes under mollisols at Pantnagar. The soil appears light brown in color and adequate

drainage and optimum water holding capacity.
3.4 Experimental Procedures
3.4.1 Field preparation

The experimental field was ploughed one time with the help of tractor mounted
disc harrow. Each ploughing was followed by levelling with the help of leveler. Pre-

planting irrigation were given to ensure suitable moisture in the soil.

3.4.2 Planting

The healthy tubers of potato Kufri Surya were taken and the tubers were sown
in 6 different plots of size 4x5 m’ (for seasonal incidence) and 3x2 m’ (chemical
management) respectively. Planting was done at spacing 45x30 cm?®. In all these,

normal recommended agricultural practices were followed.
3.5 Experiment No - 1

3.5.1 To study seasonal incidence of various insect pests and mite in potato crop
in Tarai region of Uttarakhand

All recommended agronomic practices were followed for growing healthy
potato crop for this region. No insect pest management strategies were applied to the
crop for the management of insect pests. The data of seasonal incidence of major insect

pest of Potato was recorded weekly interval basis till the harvesting of crop.

3.5.2 Experiment Details

» Replications : 6

» Plot size : 5x4m?

» Variety : Kufri Surya

» Date of sowing : 23/October/2018
» Spacing : 45X30cm
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3.5.3 Observation procedure

Each plot containing seven rows, two plants from each row, and total 14 plants

per plot were selected. Leaf from upper, middle and lower part of plant were counted.
3.5.4 Observation recorded
Record of insect pests and natural enemies on potato crop:

Population of insect pests and natural enemies were recorded at weekly interval

from 14 plants per plot.
1. Number of aphids per 14 plants per week.
2. Number of white flies per 14 plants per week.
3. Number of jassids per 14 plants per week.
4. Number of thrips per 14 plants per week.

5. Number of natural enemies (coccinellid, spider, rove beetles) per 14 plants per

week.
3.6 Experiment No - 2

3.6.1. Comparison efficacy of imidacloprid and flonicamid against insect pests of
potato.

The potato variety taken for experimentation was “Kufri Sadabahar” tubers
were sown in the field in a randomized block design (RBD) on 23-10-2018. The
bioefficacy of flonicamide and imidacloprid as foliar application were observed against

insect pests of potato.
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3.6.2. Experiment Details

Particular Details
» Experimental design RBD (Randomized Block Design)
» Treatments 5
» Replication 5
» Total No. of plots 25
» Plot size 3x2 m*
» Number of rows per plot 5
» Variety Kufri Sadabahar
» Spacing 45 X 30 cm
» Date of sowing 23/October /2018
» Season Winter
3.6.3 Treatments details
Treatments Insecticide Doses
T Untreated -
T, Imidacloprid17.8 SL. @3ml/10lits 150 ml/ ha
T; Imidacloprid 17.8 SL @3ml/10 lits + repeat at 15 days 150 ml / ha
T4 Flonicamid 50 WG @ 3g/ 10 lits 150 g/ ha
TS5 Flonicamid 50 WG @ 3g/ 10 lits + repeat at 15 days 150 g/ ha
3.6.4 Observation recorded
1. Spraying was done after attaining the Economic Threshold Level of insects. It
was 8 in aphids / leaves, 8-10 in whitefly / leave, 2-3 in jassid /leaves and 7-8 in
thrips /leave.
2. Weekly observations were conduction to study the Bioefficacy of chemicals on

aphid, whitefly, hopper, thrips and mites. Effects of chemicals on natural

enemies have also studied. observations were recorded were recorded after 2nd,

4™ and 6™ days of spray on 10 tagged / plot (3 leaves lower, middle and upper)
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Layout

Twenty five plots were demarcated and arranged in randomized block design

with five replications of five treatments each.
Treatment (T) - 5
Replication (R) - 5
Randomizations have been done with randomized number table.

2. Layout of the experiment showing the allocation of treatment of imidacloprid

and flonicamid against insect pests of potato.
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3.7. Experiment - 3

3.7.1 Bioefficacy of some novel insecticides as foliar spray and seed treatment
against insect pests of potato.

The potato variety taken for experiment was “Kufri Sadabahar” tubers were
sown in the field in Randomized Block Design (RBD) on 23-10-2018. The bio-
efficiency as seed treatment or foliar spray of insecticide against major sucking pest

insect were studied.
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3.7.2 Experiment Details

Particular

» Experimental design

Details

» Treatments : 7

» Replication : 5

» Total no. of plots : 35

» Plot size : 3x2 m*

» Number of rows per plot : 5

» Variety : Kufri Sadabahar
» Spacing : 45 X 30 cm?

3.7.3 Treatments details:-

RBD (Randomized Block Design)

Treatments | Insecticide Doses

T, Control -

T, Seed treatment with imidacloprid (200 SL) @ 0.04% | 60 g/ha
followed by foliar Spray of imidacloprid @60 g a.i./ha at 100 o/ ha
85% emergence + second spray with thiamethoxam 25 &
WG @ 100g a.i./ha

T; Foliar spray of diafenthiuron 50 WP 350 g a.i. at 85 % | 350 g/ha
emergence

T4 Foliar spray of diafenthiuron 50 WP 350 g a.i. at 85 % | 350 g/ha
emergence followed by second spray of diafenthiuron
after 10 days

Ts Foliar spray of castor oil @ 0.05 % at 85 % emergence 250 ml/ha

T Foliar spray of diafenthiuron 50 WP 350 g a.i at 85% | 350 g/ha
emergence mixed with castor oil @ 0.05 % 250 ml /ha

T, Foliar spray of diafenthiuron 50 WP 350 g a.i. at 85% | 350 g /ha
emergence mixed with castor oil @0.05% by second 250 ml /ha

spray with diafenthiuron afrer 10 days
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3.7.4. Observation recorded

Weekly observations were conducted to study the bioefficacy of chemicals on
aphid, whitefly, hopper and mites. Observations were recorded were recorded after 24,

48 and 72 hours of spray on 10 tagged / plot (3 leaves lower, middle and upper)
3.7.5. Yield of potato (kg/ha)

The weight of potato for each treatment and the total yield was calculated
adding the yield from each treatment. The yield then converts into per hectare basis by

the following formula as described by Usman et al. (2012)

] Yield/Plot
Yleld(Kg /ha) = m x 1000

3.8 Statically Analysis

The results obtained from field observations were analyzed using the RBD
(SPSS and STPR) program as given by Panse and Sukhatme (1985). According; the
data collect from potato crop pertaining to various insect pests were subjected to
analysis under Randomized Block Design. After determination of critical differences
between the treatments means at (0.5%) percent probability, critical difference was

calculated in order to compare the treatment means.

Correlation of natural enemies with insect pests have been calculated with help

of (SPSS) Statistical program.
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3. Layout of the experiment showing the allocation of treatment of insecticides.
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The experiments on various aspects of present study entitled “Management of
insect pests of potato with some novel insecticides” were conducted during rabi season
of 2018-19. In the present investigation, field studies were conducted at the experimental
area of Vegetable Research center (VRC), Govind Ballabh Pant University of
Agriculture and Technology, Pantnagar, District Udham Singh Nagar (Uttarakhand), the
results are presented under following heads:

1. To study seasonal incidence of various insect pests and mite in potato crop in

Tarai region of Uttarakhand.
2. Comparison of imidacloprid and flonicamid against insect pests of potato.

3. Bioefficacy of some novel insecticides as foliar spray and seed treatment against
insect pests of potato.

During the course of present study, 14 species of insect pests belonging to 14
genera, 10 families and 6 orders were found to be associated with potato. Associated to
these pests, 8 predators of aphids belonging to different family and 5 parasitoid’s
belonging to families Eulophidae, Icheneomonidae, Braconidae and Pteromalidae were
also reported. Out of 11 potato insect pests collected, aphid (Myzus persicae), white fly
(Bemisia tabaci) and potato leaf hopper (Empoasca devastans) were the predominant

species infesting the potato crop.

Table 4.1: Biodiversity of arthropods fauna in potato ecosystem.

SI.No. | Common name | Pest species Order Family
1. | Aphid Myzus persicae (Sulzer) Hemiptera | Aphididae
2. | Potato aphid Macrosiphum euphorvae (Thos.) | Hemiptera Aphididae
3. | Cotton Aphid Aphis gossypii (Glover.) Hemiptera Aphididae
4. | Hopper Amrasca bigutulla bigutulla Hemiptera Cicadellidae
(Ishida.)
5. | Potato leafhopper | Empoasca fabae (Harris) Hemiptera Cicadellidae
6. | Leafhoppers Empoasca devastans (Distant) Hemiptera Cicadellidae
7. | Whitefly Bemisia tabaci (Gen.) Hemiptera Aleyrodidae




8. | Thrips Thrips palmi (Karny) Thysanoptera | Thripidae
9. | Epilachna beetle | Epilachna vigintioctopunctata Coleoptera | Coccinelidae
(Fab.)
10. | Tobacco Sodoptera litura (Fab.) Lepidoptera | Noctuidae
caterpillar
11. | Mealy bugs Maconellicoccus hirsutus Hemiptera Pseudococcidae
12. | Green stink bug | Nezara viridula (Linn.) Hemiptera Pentatomidae
13. | Mole cricket Gryllotalpa spp. Orthoptera | Gryllotalpidae
14. | Grasshoppers Schistocerca americana (Dury) Orthoptera | Acrididae
Predators:
SI.No. | Common name Pest species Order Family
1. Ladybird beetle Coccinella septumpunctata Coleoptera Coccinellidae
(Linn.)
2. Three-striped Lady | Brumoides saturalis ( Fab.) Coleoptera Coccinellidae
Beetle
3. Lacewing Chrysopa carnea Neuroptera Chrysopidae
4, Spider Neoscona sps. Araneae Hypochilidae
5. Lynx spider Oxyopes sps. Araneae Oxyopidae
7. Rove beetles Paederus dermatitis Coleoptera Staphylinidae
(Staphylinid beetle)
8. Syrphid flies Allograpta obliqua (Say.) Diptera Syrphidae
Parasitoids:
1. Apanteles litae Hymenoptera Braconidae
2. Chelonus sp. Hymenoptera Braconidae
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Plates No.2. A view of Experimental layout

A view of trial on bioefficacy of novel insecticides against sucking pests on variety Kufri Sadabahar, at Vegetable Research Center, Pantnagar
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Plate No. 3. Beneficial insects associated with potato crop during crop
season 2018-19
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Plates No. 5. Different species of ladybird beetles recorded on sucking
pests of potato.
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4.3 To study seasonal incidence of various insect pests and mite in potato crop in
Tarai region of Uttarakhand.

Potato crop was planted on 23-10-2018 (43" week) during Rabi season. During
the course of study regular monitoring was done and recorded many insect pests
infesting the crop associated with the seasonal fluctuation of insect pest. Among them
grasshoppers were the first insects to appear in the potato field after planting and
appearance was marked from 44™ standard week of 2018 to 45" standard week of 2018.
Next to this, the alate form of aphid, (M. persicae) appeared from 47" to 6™ standard
week during the year 2018-19. White fly (Bemisia tabaci) appeared from 47" to 4"
standard week during the crop season, potato leaf hopper (Empoasca devastans) 47" to
3" standard week and thrips (Thrips palmi) appeared from 51" to 6" stander week

during the crop season during the year 2018-19.

During the crop season the incidence of predators of aphid’s viz. Coccinella
septumpunctata, Paederus dermatitis, Oxyopes satticus and hymenopterans parasitoids

were from 48" standard week of 2018 to 4™ standard week of 2019.
4.3 Symptoms of damage of insect pests in potato crop.
4.3.1 Aphid (Hemiptera: Aphididae)

During present study potato crop was infested with different spp. of aphid i.e.
Myzus persicae (Sulz.), Aphis gossypii (Glover.), and Macrosiphum euphorvae (Thos.).
Infestations were sporadic in occurrence and rarely severe enough to kill plants.
Damage is caused by both nymphs and adults sucking sap from foliage, especially from
the terminal growth. New growth may become stunted and curled. The transmission of
tomato and potato diseases, such as mosaics, leaf roll, and spindle tuber, cause more

injury to the plants than sucking the sap.
4.3.2 Whitefly, Bemisia tabaci (Gen.) (Hemiptera: Aleyrodidae)

Whitefly reduce the life of the crop by sucking the cell sap, as a result of its
infestation chlorotic spots were formed on the leaf surface. When the insect population
was maximum, these chlorotic spots coalesce until the leaves appear yellow with green
veins. Bemisia tabaci is known as a vector of viral disease and incidence of viral

disease was also observed during the study.
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4.3.3 Potato leafhopper (Hemiptera: Cicadellidae)

The symptom of Empoasca fabae, Empoasca devastans, primarily adults,
causes feeding injury to potato plants. They feed on the underside of leaflets. Injury
starts with a yellowing along leaflet margins with a slight rolling. This slight injury is
soon followed by a gradual browning starting at the leaflet’s tip and margin (hopper
burn), and extending basically until the leaflet is all dead and desiccated. The browning
is due to cellular death or necrosis. Defoliation will occur. The result is a reduction in

yield. No effect on tuber quality has been reported by potato leafhopper.
4.3.4 Thrips, Thrips palmi (Thysanoptera: Thripidae)

Damage by Thrips palmi is unlike that caused by many other species of thrips
when populations are high; their feeding causes a silvery or bronzed appearance on the
surface of the plant, especially on the midrib and veins of leaves. Leaves and terminal
shoots become stunted and deformed. Damaged leaves generally show a darkened,

glossy, pearly appearance.
4.3.5 Mealy bugs, Maconellicoccus hirsutus (Hemiptera : Pseudococcidae)

Mealybugs damage plants by sucking sap from tender leaves and petioles. They
excrete honeydew on which sooty mould develops. Severely infested leaves turn yellow
and gradually dry. Severe attack can result in shedding of leaves and inflorescences,
reduced tuber. honeydew, sooty mould and waxy deposits may cover leaves reducing
photosynthetic efficiency and may lead to leaf drop. The honeydew attracts ants, which
collect the honey and protect indirectly mealybugs from natural enemies. Some
mealybugs inject toxic substances while feeding causing deformation of the plant (e.g.

the cassava mealybug). Some species transmit viruses (e.g. the pineapple mealybug).
4.4 Population dynamics of major insect pests of potato
4.4.1 Population dynamics of aphid

The collected data on population dynamics of Myzus persicae and Aphis
gossypii was studied on Kufri Surya cultivar of potato in relation to weather parameters
at VRC Pantnagar during 2018-19 presented in Table 4.2

Perusal at table revealed that the initial appearance of potato aphid Myzus

persicae (0.84 aphids/3 leaves) was observed during 47" standard week i.e. 4™ week of
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November. The population of the aphid increased in the 50" standard week (8.55
aphids/3 leaves) when the maximum and minimum temperature was 22.60°C and
6.6°C, maximum and minimum relative humidity was 94.6% and 60.4%, rainfall was
0.08 mm, sunshine hours was 6.3 hrs. and wind velocity was 1.09 km/hr. followed by
49th standard week (3.72 aphids/3 leaves).

There was sudden rise in aphid population (10.54 aphids/3 leaves) during 51"
standard week of 2018 when the maximum and minimum temperature was 22.5°C and
5.0°C, maximum and minimum relative humidity was 96.6% and 50.7%, rainfall was
0.00 mm, sunshine hours was 6.8 hrs. and wind velocity was 2 km/hr. and attained its
peak in the 2" 11.85 aphids/3 leaves and 3" 12.13 aphids/3 leaves standard week of
2019 when the maximum and minimum temperature was21.6°C, 21.7 and 5.7, 5.7°C),
maximum and minimum relative humidity was 94%, 93% and 57%, 53%, rainfall was
0.00 mm and 0.00 mm, sunshine hours was 5.7 hrs. and 6.1 hrs. and wind velocity was
0.00 and 1.2 km/hrs. followed 52% standard week ie. 4™ week of December
Subsequently, the population of aphid (11.62 aphids/3 leaves) shows a decreasing trend
during 1* standard week of 2019 when the maximum and minimum temperature was
21.3°C and 6.1°C, maximum and minimum relative humidity was 91% and 60%,

rainfall was (0 mm), sunshine hours was 6 hrs. and wind velocity was not recorded.

There was decrease in aphid population 6.43 aphids/3 leaves during 4™ standard
week of 2019 when the maximum and minimum temperature was 20.5°C and 8.6°C,
maximum and minimum relative humidity was 88% and 50%, rainfall was 14.2 mm,
sunshine hours was 3.8 hrs. and wind velocity was 4.3 km/hr. and slow decrease its
minimum 3.27 aphids/3 leaves in the 6™ week of February Moreover, a marked when
increase in the population of alate forms of aphid was noticed with the maturity of crop.
It then migrated to other vegetable crops.

The decrease in the population of M. persicae in the 4™ week of December was
probably due to considerable rainfall (14.2 mm) which lead to large scale of aphid
mortality due to washing off and drowning. The adverse effect of rainfall on the
population of aphid was earlier demonstrated by Narang et al. (1983). According to
them significantly and suddenly stimulated rainfall of 1.0 and 2.0 cm reduced aphid
population by 45.47- 66.43%. The reduction was greater at the higher rainfall than the
lower rainfall. The aphid population ranged from 0.80 to 11.5 nymphs and adults per
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Table 4.2: Mean population of Myzus persicae in relation to weather parameters in potato (2018-19) - Pantnagar, Uttarakhand

Temperature Relative Humidity _ _ Wind
Month Date Stsvneoelird CC) (%) Rfr;]n:]?" Sur|1_—|§2me velocity Mean
Max. Min. | 07-12am | 14-12 pm (km/hr.)
November 16 46 26.5 11.8 93.3 63.1 0.0 6.5 2.3 0.00
November 23 47 26.3 10.5 93.4 54.3 0.0 7.7 1.8 0.84
November 30 48 26.4 10.7 94.6 60.6 0.0 6.4 1.9 1.62
December 07 49 23.8 7.8 92.6 61.0 0.0 6.2 1.8 3.72
December 15 50 22.6 6.6 94.6 60.4 0.8 6.3 1.9 8.55
December 23 51 22.5 5.0 96.6 50.7 0 6.8 2 10.54
December 30 52 20.3 2.7 97.1 51.9 0 6.7 2 11.62
January 06 1 21.3 6.1 91 60 0 6 0 10.99
January 13 2 21.6 5.7 94 57 0 5.7 0 11.85
January 20 3 21.7 5.7 93 53 0 6.1 1.2 12.13
January 27 4 20.5 8.6 88 50 14.2 3.8 4.3 6.43
February 04 5 20.9 7.0 93 63 0 6.1 1.6 5.11
February 11 6 21.1 9.1 95 66 15 4.7 3.4 3.27
Correlation -0.721** -0.915** 0.133 -0.507 -0.178 -0.094 -0.447

*Significant at p= 0.01 level; ** Significant at p= 0.05 level; Max-Maximum temperature; Min.- Minimum temperature; Mean- population of aphid (no. per leaf)
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plant with seasonal mean of 5.14 aphids /plant. It first appeared on the crop in the 2nd
week of December with a mean population of 0.80 aphids /plant. Thereafter the density
of aphid increased gradually with a peak of 11.5 aphids /plant in the last week of January
as reported by Nag (2016). The present findings are also in agreement with those of
Shrivastava et al. (1971), Pandey et al. (2007) and Sarkar et al. (2008). They reported
peak activity of aphid during second fortnight of January. On the contrary, Rashid et al.
(2013) observed peak density in the last week of February and Saljogi (2009) during
third week of March. Ghosh et al. (2004) reported aphid peak during early August in
Tarai region of West Bengal and Meena et al. (2013) during first fortnight of September
on Kharif potato. Bijjur and Verma (1986) showed a significant negative correlation

between aphid and maximum temperature and positive with wind speed.
4.4.1.1 Correlation between Myzus persicae (Sulz.) and weather parameters

The compiled data on population dynamics of aphid in relation to weather
parameters at VRC Pantnagar during 2018-19 presented in Table 4.2. showed non-
significant negative correlation with minimum relative humidity (-0.507) rainfall (-
0.178), sun-shine hr. (0.094), wind velocity (-0.447), significant negative correlation
with maximum temperature (-0721**), minimum temperature (-0.915*), minimum
temperature (-0.721**) and minimum relative humidity (-0.915*), There is a non-

significant positive correlation with maximum relative humidity (0.133).
4.4.2. Population dynamics of whitefly (Bemisia tabaci Gennadius)

The compiled data on population dynamics of Bemisia tabaci was studied on
Kufri Surya in relation to weather parameters at VRC Pantnagar during 2018-19 is

presented in Table 4.3

The initial appearance of 3.25 whitefly/3 leaves was observed during 47"
standard week of 2018 i.e. 4" week of November. The population of the whitefly
gradually increased in the 49" standard week of 2018 (9.40 whitefly/3 leaves) when the
maximum and minimum temperature was 23.8°C and 7.8°C, maximum and minimum
relative humidity was 92.6% and 61.0%, rainfall was 0.0 mm, sunshine hours was 6.2
hrs. and wind velocity was (1.8 km/hr.). followed by 48" standard week (5.27
whitefly/3 leaves), when the maximum and minimum temperature was 26.4°C and
10.7°C, maximum and minimum relative humidity was 94.6% and 60.6%, rainfall was

(0.0 mm), sunshine hours was 6.4 hrs. and wind velocity was 1.9 km/hr.
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Table 4.3: Mean population of Bemisia tabaci in relation to weather parameters in potato (2018-19) - Pantnagar, Uttarakhand

Relative Humidity

Temperature _ sun- Wind
Month Date Stsvrégird (C) (%) R?mrs)“ Sl_rlline velocity Mean

Max. Min. | 07-12am | 14-12 pm rs. | (km/hr)
November 16 46 26.5 11.8 93.3 63.1 0.0 6.5 2.3 0.00
November 23 47 26.3 10.5 934 54.3 0.0 7.7 1.8 3.25
November 30 48 26.4 10.7 94.6 60.6 0.0 6.4 1.9 5.27
December 07 49 23.8 7.8 92.6 61.0 0.0 6.2 1.8 9.40
December 15 50 22.6 6.6 94.6 60.4 0.8 6.3 1.9 11.13
December 23 51 22.5 5.0 96.6 50.7 0 6.8 2 15.46
December 30 52 20.3 2.7 97.1 51.9 0 6.7 2 10.70
January 06 1 21.3 6.1 91 60 0 6 0 9.05
January 13 2 21.6 5.7 94 57 0 5.7 0 1.51
January 20 3 21.7 5.7 93 53 0 6.1 1.2 341
January 27 4 20.5 8.6 88 50 14.2 3.8 4.3 0.30
February 04 5 20.9 7.0 93 63 0 6.1 1.6 0.00
February 11 6 21.1 9.1 95 66 15 4.7 3.4 0.00

Correlation -0.061 -0.557* 0.455 -0.327 -0.428 0.439 -0.243

*Significant at p= 0.01 level; ** Significant at p= 0.05 level; Max-Maximum temperature; Min.- Minimum temperature; Mean- population of whitefly (no. per leaf)
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There was an increasing trend in whitefly population (15.46 whitefly/3 leaves)
during 51" stander week i.e. 3 week of December when the maximum and minimum
temperature was (22.5°C and 5°C), maximum and minimum relative humidity was
(96.6% and 50.7%), rainfall was (0.0 mm), sunshine hours was (6.8 hrs.) and wind
velocity was (2 km/hr.), followed by (11.13 whitefly/3 leaves) during 50" standard
week and 10.70 whitefly/3 leaves during 52 standard week of 2018. Subsequently there
shows a decreasing trend in whitefly population during 1% (9.05 whitefly/3 leaves) and
2" (151 whitefly/3 leaves) standard week of January when the maximum and
minimum temperature was (21.3°C, 21.6 and 6.1, 5.7°C), maximum and minimum
relative humidity was (91%, 94% and 60%, 57%), rainfall was (0.0 mm and 0.0 mm),

sunshine hours was (6 hrs. and 5.7 hrs.) and wind velocity was (0.00 and 0.00).

There is slight increase in whitefly population 3.41 whitefly/3 leaves during 3"
standard week when the maximum and minimum temperature was 21.7°C and 5.7°C,
maximum and minimum relative humidity was 93% and 53%, rainfall was 0.0 mm,
sunshine hours was 6.1 hrs. and wind velocity was 1.2km/hr. and reached its minimum

(0.30 whitefly/3 leaves) in the 4™ week of January.

The population ranged from 1.44 to 3.92 nymphs and adults per plant with
seasonal mean of 2.80 whiteflies. It first appeared on the crop in the 3" week of
December with a mean population of 1.44 whiteflies. Thereafter the density of whitefly
increased gradually with a peak of 3.92 whiteflies in the third week of December. The
population showed a declining trend for a week then started increasing with second
peak in the last week of January (3.84 flies/plant). The present findings are almost
similar to those of Paul and Konar (2005) who reported that whitefly first appeared on
the crop during first week of December with peak in last week of December. Nag
(2016) recorded two peaks of whitefly during third week of December and January.
Rashid et al. (2013) also recorded peak activity during third week of December.
Mathur et al. (2012) reported peak activity of whitefly during January second weak.
On the contrary, Oomen and Kumar (2004) observed whitefly incidence from mid-
July with peak in the first week of September. The findings are in support with Lakra
(2001) who also recorded the buildup of white fly on 1% November planted potato crop
in Haryana. Mathur et al. (2012) also reported that the incidence of whitefly (Bemisia
tabaci) was maximum (9 whitefly/5 plant) during January (2" SW) and lowest was
recorded in March (12" SW). Rashid et al. (2013) also reported that the peak
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population of whitefly (23.6 whitefly/5 leaves) was on the third week on December.
Then there was a gradual decline in the population and reached its minimum during 8"
standard week. Dahatonde et al. (2014) also reported that whitefly (Bemisia tabaci
Gennadius) started from November (7.27 whiteflies/3 leaves) and reached to a peak

level (25.73 whiteflies/3 leaves) during January.
4.4.2. Correlation between Bemisia tabaci (Gennadius) and weather parameters

The compiled data on population dynamics of whitefly in relation to weather
parameters at VRC Pantnagar during 2018-19 presented in Table 4.3. showed non-
significant positive correlation maximum relative humidity (0.455) sun-shine hrs.
(0.439) whereas non- significant negative correlation with maximum temperature
(-0.061) rainfall (-0.428) wind velocity (-0.243) There is a significant negative

correlation between minimum temperature (0.557*)
4.4.3. Population dynamics of potato hopper (Empoasca devastans)

The compiled data on population dynamics of Empoasca devastans was studied
on Kufri Surya in relation to weather parameters at VRC Pantnagar during 2018-19

presented in Table 4.4.

The initial appearance 0.31 hoppers/3 leaves was observed during 47" standard
week i.e. 3" week of November. The population of the hopper gradually increased in
the 48" standard week was 2.88 hoppers/3 leaves when the maximum and minimum
temperature was 26.4°C and 10.7°C), maximum and minimum relative humidity was
94.6% and 60.6%, rainfall was 0.0 mm, sunshine hours was 6.2 hrs. and wind velocity
was 1.8 km/hr. subsequently a decreasing trend is observed during 49" standard week

(1.88 hoppers/3 leaves).

There was an increasing trend in hopper population (5.43 hoppers/3 leaves)
during 50" standard week when the maximum and minimum temperature was (22.6°C
and 6.6°C), maximum and minimum relative humidity was (94.6% and 60.4%), rainfall
was (0.08 mm), sunshine hours was (6.3 hrs.) and wind velocity was (1.9 km/hr.). There
was a decrease in population during followed by 51% standard week (3.47 hoppers/3
leaves) i.e. 3" week of December. Subsequently there shows a sudden decreasing trend in
hopper population during 1% (1.97 hoppers/3 leaves) and 2™ (1.25 hoppers/3 leaves)
standard week of January. There is slight decrease in hopper population (0.34 hoppers/3
leaves) during 3" standard week of 2019 and reached to nil (0.00 hoppers/3 leaves) in the
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Table 4.4: Mean population of Empoasca devastans in relation to weather parameters in potato (2018-19) - Pantnagar, Uttarakhand

Temperature Relative Humidity _ _ Wind
Month Date St%\?edeird (’C) (%0) R?:Tr]l:ﬁ)” Sun|-_|?2|ne velocity Mean

Max. Min. | 07-12am | 14-12 pm (km/hr.)
November 16 46 26.5 11.8 93.3 63.1 0.0 6.5 2.3 0.00
November 23 47 26.3 10.5 93.4 54.3 0.0 7.7 1.8 0.31
November 30 48 26.4 10.7 94.6 60.6 0.0 6.4 1.9 2.88
December 07 49 23.8 7.8 92.6 61.0 0.0 6.2 1.8 1.88
December 15 50 22.6 6.6 94.6 60.4 0.8 6.3 1.9 5.43
December 23 51 22.5 5.0 96.6 50.7 0 6.8 2 3.47
December 30 52 20.3 2.7 97.1 51.9 0 6.7 2 3.51
January 06 1 21.3 6.1 91 60 0 6 0 1.97
January 13 2 21.6 5.7 94 57 0 5.7 0 1.25
January 20 3 21.7 5.7 93 53 0 6.1 1.2 0.34
January 27 4 20.5 8.6 88 50 14.2 3.8 4.3 0.00
February 04 5 20.9 7.0 93 63 0 6.1 1.6 0.00
February 11 6 21.1 9.1 95 66 15 4.7 3.4 0.00

Correlation -0.019 -0.456 0.510 -0.141 -0.382 0.341 -0.207

*Significant at p= 0.01 level; ** Significant at 0.05 level; Max-Maximum temperature; Min.- Minimum temperature; Mean- population of hopper (no. per leaf)
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4™ week of January when the maximum and minimum temperature was (20.5°C and
8.6°C), maximum and minimum relative humidity was (88% and 50%), rainfall was

(14.20 mm), sunshine hours was (3.8 hrs.) and wind velocity was (4.3km/hr.).

The decrease in the population of Empoasca devastans in the 4% week of
January was probably due to considerable rainfall (14.2 mm) which lead to large scale

hopper mortality was nil due to washing off and drowning.

The leafhopper population ranged from 0.84 to 4.04 nymphs and adults per
plant with seasonal mean of 2.26. Leaf hoppers first appeared on the crop in the 2™
week of December with the mean population 0.84 leafhopper per plant. Peak activity
was recorded during the 3rd week of January (4.04 hoppers /plant) with a seasonal
mean of 2.26 leaf hoppers per plant similar to the findings of Nag (2016) at Raipur.
Mathur et al. (2012), on the other hand, recorded maximum density of leafhopper
during December last week. The findings are in support with Dahatonde et al. (2014)
who reported that jassid started from November (3.20 jassids/3leaves) and reached to a

peak level (22.46 jassids/3 leaves) during December.
4.4.3.1 Correlation between hopper, Empoasca devastans and weather parameters.

The compiled data on population dynamics of hopper in relation to weather
parameters at VRC Pantnagar during 2018-19 presented in Table 4.4. showed non-
significant positive correlation with and sunshine hours (0.341) minimum relative
humidity (0.510) whereas non- significant negative correlation with maximum and
minimum temperature (-0.019, -0.456) and wind velocity (-0.207) and rainfall (-0.382)

maximum relative humidity (-0.141).
4.4.4 Population dynamics of thrips (Thrips palmi)

The compiled data on population dynamics of T. palmi was studied on Kufri
Surya in relation to weather parameters at VRC Pantnagar during 2018-19 presented in
Table 4.5. The initial appearance thrips (0.16 thrips /3 leaves) was observed during 51"
standard week i.e. 3™ week of December. The population of the thrips increased in the
52" standard week (0.73/3 leaves) when the maximum and minimum temperature was
20.3°C 2.7°C, maximum and minimum relative humidity was 97.1% and 51.9%,

rainfall was 0.00 mm, sunshine hours was 6.7 hrs. and wind velocity was 2 km/hr.
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Table 4.5: Mean population of Thrips palmi in relation to weather parameters in potato (2018-19) - Pantnagar, Uttarakhand

Month Date Standard | Temperature (°C) Relatlv?o/I;I)umldlty Rainfall | Sun- Shine ve\:\é(i:ri]g/ Mean
week - (mm) Hrs.
Max. Min. 07-12am | 14-12 pm (km/hr.)

November 16 46 26.5 11.8 93.3 63.1 0.0 6.5 2.3 0.00
November 23 47 26.3 10.5 93.4 54.3 0.0 7.7 1.8 0.00
November 30 48 26.4 10.7 94.6 60.6 0.0 6.4 1.9 0.00
December 07 49 23.8 7.8 92.6 61.0 0.0 6.2 1.8 0.00
December 15 50 22.6 6.6 94.6 60.4 0.8 6.3 1.9 0.00
December 23 51 22.5 5.0 96.6 50.7 0 6.8 2 0.16
December 30 52 20.3 2.7 97.1 51.9 0 6.7 2 0.73
January 06 1 21.3 6.1 91 60 0 6 0 4.58
January 13 2 21.6 5.7 94 57 0 5.7 0 11.14
January 20 3 21.7 5.7 93 53 0 6.1 1.2 14.65
January 27 4 20.5 8.6 88 50 14.2 3.8 4.3 18.80
February 04 5 20.9 7.0 93 63 0 6.1 1.6 7.33
February 11 6 21.1 9.1 95 66 15 4.7 3.4 2.20
Correlation -0.536 -0.176 -0.648* -0.399 0.384 -0.661* 0.094

*Significant at p= 0.01 level; ** Significant at p= 0.05 level; Max-Maximum temperature; Min.- Minimum temperature; Mean- population of thrips (no. per leaf)
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There was an increasing trend in thrips population (4.58 thrips/3 leaves) during
1™ January standard week when the maximum and minimum temperature was 21.3°C
and 6.1°C, maximum and minimum relative humidity was 91% and 60%, rainfall was
0.00 mm, sunshine hours was 6 hrs. and wind velocity was 0.00. There was an
gradually increase in population during 2% (11.14 thrips /3 leaves), 3" (14.65 thrips /3
leaves), 4™ (18.80 thrips /3 leaves) standard week of January and slight decrease in 5"
and 6™ (7.33 thrips /3 leaves), (2.20 thrips /3 leaves) respectively during 2019.

The thrips population ranged from 1.16 to 8.20 nymphs and adults per plant
with seasonal mean of 3.99 thrips. It first appeared on the crop in the 3™ week of
December with a mean population of 1.16 thrips. Thereafter, the density of thrips
increased gradually with a peak of 8.20 thrips /plant in the last week of January
whereas, Pathipati et al. (2014) observed peak incidence of thrips during last week of
December and Rashid et al. (2013) during last week of February. Patel et al. (2009)
recorded thrips incidence from first week of September with peak in November and

March. Nag (2016) observed peak activity of thrips during third week of January.
4.4.4.1 Correlation between thrips (Thrips palmi) and weather parameters

The compiled data on population dynamics of thrips in relation to weather
parameters at VRC Pantnagar during 2018-19 presented in Table 4.5. showed non-
significant positive correlation rainfall (0.384) and wind velocity (0.094) whereas non-
significant negative correlation with maximum and minimum temperature (-0.536,
-0.176) maximum relative humidity (-0.399) and significant negative correlation

between minimum relative humidity (-0.648%).

4.5. Effect of weather parameters on natural enemies population.
4.5.1 Ladybird beetles (Coccinella septumpunctata)

Maximum Temperature

The correlation coefficient between number of Coccinella septumpunctata per
plant and maximum temperature was worked out. The two variables had negative
trend with “r” value (-) 0.439. The peak activity of Coccinella septumpunctata (2.58)
was recorded in the 3" week of January which was associated with 21.7°C max.

temperature.
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Minimum Temperature

The association between number of Coccinella septumpunctata and min.
temperature was worked out. The two variables had negative trend with “r” value (-)
0.490. The peak density of ladybird beetle was recorded in the 3" week of January with

5.7°C minimum temperature.
Morning Relative Humidity

The correlation coefficient between number of Coccinella septumpunctata per
plant and mean relative humidity was worked out. There was a negative trend with “r”
value (-) 0.132 at 5% level. The peak density of ladybird beetle was recorded in the 3rd

week of January with 93% mean morning (07-12 am) relative humidity.
Evening Relative Humidity

The correlation coefficient between number of Coccinella septumpunctata per
plant and mean relative humidity of evening had a negative trend “r”” = (-) 0.318) at 5%
level. The peak density of ladybird beetle, Coccinella septumpunctata was recorded in

the 3"week of January with 53% mean evening (14-12pm) relative humidity.
Wind velocity

The correlation coefficient between number of ladybird beetle, Coccinella
septumpunctata per plant and wind velocity (km/h) had negative trend “r” = (-) 0.516
The peak density of ladybird beetle, Coccinella septumpunctata was recorded in the

third 3" week of January with 1.2 km/h mean wind velocity.
Sunshine hours

The correlation coefficient between number of ladybird beetles, Coccinella
septumpunctata per plant and sunshine hours was worked out and had a negative trend
with “r” = (-) 1.77 The peak density of ladybird beetle, Coccinella septumpunctata was
recorded in the 3™week of January with 6.1 lux mean sunshine hours. In the present
studies the population of ladybird, Coccinella septumpunctata was not influenced by

any weather parameters.
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Table 4.6: Mean population of natural enemies and its correlation with weather parameters in potato (2018-19) - Pantnagar, Uttarakhand

Temperature Relative Humidity Rainfall | Sun-Shine| WV Natural Enemies
Month Date | Standard ‘c) (%) (mm) Hrs. (km/hr.) (no. per plant)
week Max. Min. 07-12 am| 14-12 pm Coccinellid | Spiders|Staphylinid
beetles beetle
November 16 46 26.5 11.8 93.3 63.1 0.0 6.5 2.3 0 0.00 0
November 23 47 26.3 10.5 93.4 54.3 0.0 7.7 1.8 0 0.00 0

November 30 48 26.4 10.7 94.6 60.6 0.0 6.4 1.9 0.2 0.30 0.22
December 07 49 23.8 7.8 92.6 61.0 0.0 6.2 1.8 0.07 0.56 0.62
December 15 50 22.6 6.6 94.6 60.4 0.8 6.3 1.9 0.23 0.12 0.29
December 23 51 22.5 5.0 96.6 50.7 0 6.8 2 0.12 0.44 0.41
December 30 52 20.3 2.7 97.1 51.9 0 6.7 2 0.76 0.17 0.31
January 06 1 21.3 6.1 91 60 0 6 0 1.14 0.21 0.05
January 13 2 21.6 5.7 94 57 0 5.7 0 2.04 0.16 0.36
January 20 3 21.7 5.7 93 53 0 6.1 1.2 2.58 0.28 0.18
January 27 4 20.5 8.6 88 50 14.2 3.8 4.3 0.57 0.31 0.41
February 04 5 20.9 7.0 93 63 0 6.1 1.6 0.29 0.37 0.43
February 11 6 21.1 9.1 95 66 15 4.7 3.4 0.2 0.39 0.23

Lady bird beetle |-0.439 -0.490 | -0.132 -0.318 -0.034 | -0.177 -0.516

Spider -0.352 -0.223 | -0.029 0.058 0.249 -0.340 0.196

Correlation ["gyanhylinid beetle|-0.425 | -0.388 | 0008 | -0.123 | 0.117 | -0.318 | 0.173

*Significant at p= 0.01 level; ** Significant at p= 0.05 level; Max-Maximum temperature; Min. - Minimum temperature; WV-Wind Velocity
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4.5.2 Spider (Oxyopes satticus)
Maximum Temperature

The correlation coefficient between number of spiders, Oxyopes satticus per
plant and maximum temperature was worked out. The two variables had negative trend
“r” = (-) 0.352. The peak activity of spider was recorded in the 1* week of December

which was associated with 23.8°C maximum temperature.
Minimum Temperature

The association between number of spiders, Oxyopes satticus and minimum
temperature was worked out. The two variables had negative trend with “r” value (-)
0.223. The peak density of spider was recorded in the 1% week of December with 7.8°C

minimum temperature.
Morning Relative Humidity

The correlation coefficient between number of spiders, Oxyopes satticus per
plant and mean relative humidity of morning was found to be negative correlated
(“r’= (-) 0.029) at 5% level. The peak density of spider, Tetranychus urtivae was
recorded in the 1% week of December with 92.6% mean morning relative humidity.

Evening Relative Humidity

The correlation coefficient between number of spiders per plant and mean
relative humidity of evening had positive trend (“r’= 0.058). The peak density of
spider, Oxyopes satticus was recorded in the 1% week of December with 61.0% mean

evening relative humidity.
Wind velocity

The correlation coefficient between number of spiders, Oxyopes satticus per plant
and wind velocity (km/h) had positive correlation (“r”’-0.249) at5% level. The peak density

of spider was recorded in the 1% week of December with 1.8 kmph mean wind velocity.
Sunshine hours

The correlation coefficient between number of spiders, Oxyopes satticus per
plant and sunshine hours was worked out and had negative correlation with “r” value
(“r> = (-) 0.340). The peak density of spider, Oxyopes satticus was recorded in the 1%

week of December with 6.2 lux mean sunshine hours.

Results and Discussion ............... rd



4.5.3. Rove beetles (Paederus dermatitis)
Maximum Temperature

The correlation coefficient between number of rove beetles per plant and
maximum temperature was worked out. There was a negative trend (“r’= (-) 0.425).
The peak activity of rove beetle was recorded in the 1% week of December which was

associated with 23.8°C maximum temperature.
Minimum Temperature

The association between number of rove beetles per plant and minimum
temperature was worked out. The two variables had negative trend with “r” value (-)
0.388. The peak density of rove beetle was recorded in the 1% week of December with

7.8°C minimum temperature.
Morning Relative Humidity

The correlation coefficient between number of rove beetles per plant and mean
relative humidity was worked out. There was a negative trend with “r”” value (“r” = (-)
0.008). The peak density of Staphylinid beetle was recorded in the 1% week of

December with 92.6% mean morning relative humidity.
Evening Relative Humidity

The correlation coefficient between number of rove beetle per plant and mean
relative humidity of evening had negative trend (“r”” = (-) 0.123). The peak density of rove

beetle was recorded in 1% week of December with 61.0% mean evening relative humidity.
Wind velocity

The correlation coefficient between number of rove beetles per plant and wind
velocity (km/h) had positive trend (“r” = 0.173) at 5% level. The peak density of rove

beetle was recorded in 1% week of December with 1.8 km/h mean wind velocity.
Sunshine hours

The correlation coefficient between number of rove beetle per plant and
sunshine hours was worked out and had negative trend with “r”” value - (-) 0.22). The
peak density of rove beetle was recorded in 1% week of December with 6.2 lux means

sunshine hours.
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Tank and Korat (2007) the present results are partially similar to the findings.
They recorded negative association of ladybird beetle with minimum temperature,
bright sunshine hours and wind speed, while positive association for relative humidity
and vapour pressure recorded during morning and evening hours. However, in none of
the cases, it was significant. Ghosh et al. (2013) reported that Abiotic conditions such
as minimum temperature, temperature gradient, maximum relative humidity and
average relative humidity had significant positive influence on C. septempunctata
population. In case of minimum relative humidity and sunshine hours, a negative
influence was observed. In addition, other factors such as rainfall imparted in

significant positive effect on population development.

Sarwar (2013) reported that meteorological conditions were more favorable for
development of insect pests and natural enemies due to the combination of different
abiotic factors. Similar result was also obtained by Bijjur and Verma (1996) that
populations of predatory coccinellids and spiders were negatively correlated with
maximum temperature. Multiple linear regression models indicated a significant
cumulative effect of abiotic factors on Chromatomyia horticola, H. armigera and

coccinellid predators.

Sathe and Margaj (2001) reported that the predator population can be
influenced by abiotic factors such as weather (temperature, humidity, rainfall and
light, etc.). The efficiency of predator species is dependent on prey density, predator
density, characteristic of the prey and predator and environment. Similar results were
observed in the present studies. Shukla (2014) showed significant negative
correlation of Coccinellids with maximum temperature and maximum relative
humidity, while there was no significant relationship with minimum temperature,
minimum relative humidity, and rainfall. Silva et al. (2015) observed that diurnal
temperature affects the night hourly dispersal of staphylinid (rove) beetles as well as
their distribution pattern during the entire period of study. The true environmental
conditions responsible for Paederus beetles, seasonal pattern and daily night dispersal
in northeastern Brazil were the annual moisture and draught cycles and the diurnal

maximum temperatures, respectively.
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4.6. Seasonal fluctuation of predatory fauna of potato pests

Potato is mainly attacked by aphid (Aphis gossypii, Myzus persicae), whitefly
(Bemisia tabaci), thrips (Thrips palmi) and Leafhopper (Amrasca bigutulla bigutulla,
Empoasca fabae, Empoasca devastans) at different growth stages of the crop. To assess
the potential of biological control of these insects on potato, the study was undertaken

during rabi, 2018-2019. It revealed the following predatory fauna on these insects.
4.6.1 Ladybird beetles, Coccinella septumpunctata (Coleoptera: Coccinellidae)

The Coccinella spp. ranged from 0 to 2.58 grub and adult per plant with
seasonal mean of 0.63 ladybird beetles. Five different species of ladybird beetles seen
on potato filed were recorded as the major bioagents of the sucking pests. They first
appeared on the crop in the last week of November with 0.30 grub and adult per plant.
They were observed feeding on nymphs and adults of aphid (Myzus persicae, Aphis
gossypii), leaf hopper (Empoasca devastans, Amrasca bigutulla bigutulla), thrips
(Thrips palmi) and whiteflies (Bemisia tabaci). Their activity continued till the last 2"
week of February with 0.2 grub and adult per plant. Nag (2016) reported peak activity

during third week of January.
4.6.2 Staphylinidae beetle, Paederus dermatitis (Coleoptera: Staphylinidae)

The staphylinid beetle ranged from 0 to 0.62 adult per plant with seasonal mean
of 0.27. Staphylinid beetle was recorded as one of the major bio-agents of the sucking
pests. They first appeared on the crop in the last week of November with 0.24 grub and
adult per plant. They were observed feeding on nymphs and adults of aphid (Myzus
persicae, Aphis gossypii), leafhopper (Empoasca devastans, Amrasca bigutulla
bigutulla), thrips (Thrips palmi) and whiteflies (Bemisia tabaci). Their activity
continued till the last 2" week of February with 0.23 grub and adult per plant. Nag
(2016), on the other hand, recorded peak density of staphylinid beetle during third week

of December and January.
4.6.3 Spiders, Oxyopes satticus (Araneae: Hypochilidae)

The spiders first appeared on the crop in the last 4™ week of November with
mean population of 0.25 spiders per plant. Nag (2016), reported peak activity of

spiders during first and third week of December and January. It coincided with the
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appearance of host insects on the crop. They were active throughout the growth
period of the crop with peak of 0.56 spider per plant during 1* week of December.
Their population ranged from 0 to 0.56 spiders with a seasonal mean of 0.25 spiders
per plant. Saljoqi (2009) reported highest density of natural enemies during third
week of March on potato, whereas, in the present investigation peak density of
ladybird beetle, staphylinid beetle and spiders was recorded during last week
December to last week January. The peak activity of all the predators was observed
during last week December to last week January which coincided with the peak

activity of most of the sucking pests.

4.7. Correlation of natural enemies with their insect pests of potato

In the present studies, three predators namely Ladybird beetles, Coccinella
septumpunctata spiders, Oxyopes satticus and Staphylinid beetle, Paederus
dermatitis were observed as major bio-agents of whiteflies (Bemisia tabaci), aphid
(Aphis gossypii, Myzus persicae, thrips (Thrips palmi), and leafhopper (Amrasca
bigutulla bigutulla, Empoasca devastans, Empoasca fabae). To observe the effect of
predatory population on the activity of the insect pests, the population of predators
was co-related with the population of major sucking pests. There was positive trend in
the population of aphid with Staphylinid beetle, aphid and spiders having “r” value of
0.226 and 0.099, respectively at 5 percent level of significance. However, there
existed a significantly positive correlation between aphid and ladybird beetles with
“r” value of 0.714** at the same level of significance. The regression equation for the
two variables was y = 0.129x + 0.233, R? = 0.509 (Fig 4.6.1). Moschetti (2003)
reported that ladybird beetles (Coccinella septumpunctata) are attracted to and feed
heavily on aphids (Aphis gossypii, Myzus persicae). Saljoqi (2009) conducted an
experiment to determine the population dynamics of Aphid (Myzus persicae) and its
associated natural enemies, ladybird beetles (Coccinella septempunctata (L),
Episyrphusbalt eatus (De Geer),Chrysoperla carnea (Stephens), and Aphidiusmatri
cariae) holiday and percent parasitism of the aphid (Myzus persicae, Aphis gossypii)
in the spring potato cultivar kurodo at Peshawar during 2006. The results showed that
Aphid (Myzus persicae, Aphis gossypii) was consistently observed at different
densities at different times on potato throughout the growing season. In potatoes,

aphids (Myzus persicae, Aphis gossypii) rarely maximum reach populations which
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lower potato yields by their feeding alone due to natural enemy complex including
ladybird beetle (coccinellid spp.), predatory bugs in genera Orius, Nabisand
Geocoris, lacewings, spiders, syrphid fly larvae, predatory gall midge larvae
(Cecidomyiidae) and aphid specific parasitoids Giordanengo et al. 2013). Neergude
et al. (2014) conducted a roving survey in Kharif season from seedling stage till
harvest of the crop at Bijapur. The population of thrips was very low during seedling
stage; it gradually increased during vegetative stage of the crop and reached a peak
occurrence during physiological maturity stage. The population of both the predators,
spiders (Oxyopes satticus) and ladybird beetles was low during seedling stage of the
crop while it slightly increased during potato vegetative stage of the crop and reached
a peak occurrence during physiological maturity stage. The population of both the
predators, spiders (Oxyopes satticus) and ladybird beetles was low during seedling

stage of the crop while it slightly increased during vegetative stage of the crop.

There was a positive trend between the population of thrips (Thrips palmi) and
rove beetle and thrips and spider with “r” value of 0.172 and 0.098, respectively at 5
per cent level of significance. While there was significant positive correlation between
thrips (Thrips palmi) and lady bird beetle (Coccinella septumpunctata) with “r” value
of 0.661* at the same level of significance. The regression equation worked out for the
two variables was y = 0.084x + 0.244, R* = 0.437 (Fig. 4.6.2).

While there was no significant relation between leafhopper and staphylinid
beetle (r = 0.209) at the same level of significance. There was a positive trend between

whitefly and all the natural enemies at 5 percent level of significance.

The “r” values for staphylinid beetle, spider and ladybird beetle were 0.36, 0.35
and 0.65, respectively. Williamson (1998) observed predation of whitefly (Bemisia
tabaci) by coccinellid (Coccinella spp.) and staphylinid beetles and that of leafhopper
by coccinellids beetles and spider (Oxyopes satticus). Moschetti (2003) reported that
several species of ladybird beetles (Coccinella spp.) feed heavily on aphid, (Myzus
persicae, Aphis gossypii) and eggs of Colorado beetles on potato. Shivalingaswamy et
al. (2002) reported that rove beetle, Paederus species, voraciously feed on the soft-

bodied insects like leafhoppers in okra ecosystem.
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Table 4.7: Correlation coefficients - sucking pests vis-vis coccinellid, spider and staphylinid beetle in potato (2018-19)- Pantnagar, Uttarakhand

Population of insect pests and their natural enemies / plant

Date Aphid White fly Leaf hopper Thrips Staphylinid Spider Lady bird
beetle beetle
16-Nov 0.00 0.00 0.00 0.00 0 0.00 0
23-Nov 0.84 3.25 0.31 0.00 0 0.00 0
30-Nov 1.62 5.27 2.88 0.00 0.22 0.30 0.2
07-Dec 3.72 9.40 1.88 0.00 0.62 0.56 0.07
15-Dec 8.55 11.13 5.43 0.00 0.29 0.12 0.23
23-Dec 10.54 15.46 3.47 0.16 0.41 0.44 0.12
30-Dec 11.62 10.70 3.51 0.73 0.31 0.17 0.76
06-Jan 10.99 9.05 1.97 4.58 0.05 0.21 1.14
13-Jan 11.85 151 1.25 11.14 0.36 0.16 2.04
20-Jan 12.13 3.41 0.34 14.65 0.18 0.28 2.58
27-Jan 6.43 0.30 0.00 18.80 0.41 0.31 0.57
04-Feb 511 0.00 0.00 7.33 0.43 0.37 0.29
11-Feb 3.27 0.00 0.00 2.20 0.23 0.39 0.2
Staphylinidbeetle 0.226 0.247 0.209 0.172 - - -
Correlation Spider 0.099 0.220 0.012 0.098 - - -
Coefficient Lady birdbeetle 0.714** -0.140 -0.147 0.661* - - -

*Significant at p= 0.01 level; ** Significant at p= 0.05level
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4.8. Experiment No - 2
Comparision of imidacloprid and flonicamid against insect pests of potato.

The effect of imidacloprid and flonicamid were studies against various insect
pest of potato (Table 4.8 —4.11)

4.8.1 Efficacy of imidacloprid and flonicamid against whitefly.

The periodical data on population of whitefly (Bemisia tabaci) were recorded
on potato one day before and 2™, 4" and 6" days after each application in cropping

season 2018-19 and is presented below:

Perusal of Table 4.8 revealed that before first spray the mean population of
whitefly varied from 14.35 to 16.70 /3 leaves, no significant difference was observed

amongst treatments.

After two days of application minimum number of whitefly population, 2.99
whitefly/3 leaves has been observed in Ts (flonicamid 50 WG @ 3g /10 lits + repeat at
15 days) followed by 3.61 whitefly /3 leaves in T4 (flonicamid 50 WG @ 3g /10 lits),
3.82 whitefly/3 leaves in T, (imidacloprid 17.8 SL @3ml/10lits) and 5.39 whitefly /3
leaves in T3 (imidacloprid 17.8 SL @3ml/10 lits + repeat at 15 days), however
whitefly population in all treatments was significant less than untreated control (15.63

whitefly /3 leaves).

After 4" days of application minimum number of whitefly population, 2.95
whitefly/3 leaves has been observed in Ts (flonicamid 50 WG@3ml/10lits + repeat at
15 days) followed by 2.97 whitefly/3 leaves in T, (Imidacloprid 17.8 SL@3ml/10 lits),
3.42 whitefly/3 leaves in T3 (flonicamid 50 WG@3ml/10lits) and 4.25 whitefly/3
leaves in T3 (imidacloprid 17.8 SL@3ml/10 lits + repeat 15days), however whitefly
population in all the treatments was significantly less than unsprayed control (16.58

whitefly/3 leaves). Same trend has been observed on 6" days of spray.

On the basis of overall mean population, Ts was most effective treatment
followed by T4, T, and T3

Perusal of Table 4.8 revealed that before 2" spray the mean population of
whitefly varied from 14.24 to 15.73 /leaves, no significant difference was observed

amongst treatments.

Results and Discussion ............... rd


mailto:17.8%20SL%20@3ml/10
mailto:17.8@3ml/10

Table 4.8: Efficacy of flonicamid and imidacloprid foliar spray against whitefly (2018-19)

Treat. Per leaf population of whitefly
No. Treatments Dose Days after first Spray Days after second spray
PTC 2 4 6 Mean|%ROC| PTC 2 4 6 Mean| %ROCQC
T1 Control 14.35| 15.63| 16.58| 16.41| 16.21 - 1424 | 16.40| 16.78| 16.41| 16.53
- (3.82)| (4.00)| (4.12)| (4.14) (3.82)| (4.10)| (4.14)| (4.10) -
T2 Imidacloprid17.8SL | 3ml/10lits 16.7 3.82 297 | 4.24 3.67| 77.30 16.23 402 | 317 424| 381| 76.93
(4.13)| (2.07)| (1.81)| (2.12) 4.07)| (2.12)| (1.87)| (2.15)
T3 Imidacloprid 17.8SL | 3ml/10lits 15.32 5.39 4.25| 5.52 5.05| 68.79 15.00 219 | 245 292 252| 84.72
+ repeat at 15 days (3.96) | (2.38)| (2.17)| (2.44) (3.92)| (1.52)| (1.63)| (1.70)
T4 Flonicamid 50 WG 3gm /10 15.99 3.61 342 | 3.77 3.60| 77.75 15.56 401 382 397| 393| 76.16
lits (4.03)| (1.98)| (1.95)| (2.05) (3.99)| (2.14)| (2.07)| (2.10)
T5 Flonicamid 50 WG + | 3gm /10 16.10 2.99 295 | 3.21 3.05| 81.15 15.73 199 175| 241| 2.05| 87.56
repeat at 15 days lits (4.02)| (1.85)| (1.83)| (1.92) (3.98)| (1.47)| (1.39)| (1.17)
SE(m)+ .202 .166 161 132 179 215 | 1.888 | .213
CD@0.5% .608 498 485 .398 538 .646 556 | .639
F value ns ** ** ** ns ** ** **

PTC:Pre-treatment, H: Hours, ROC:Reduction over control
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After two days of application minimum number of whitefly population 1.99
Whitefly/3 leaves has been observed in Ts (flonicamid 50 WG@3ml/10lits + repeat at
15 days) followed by 2.19 whitefly/3 leaves in T3 (imidacloprid 17.8 SL @ 3ml/10 lits
+ repeat 15days), 4.01 whitefly/3 leaves in T, (flonicamid 50 WG @3ml/10lits) and
4.02 whitefly/3 leaves in ( imidacloprid 17.8SL@3ml/10 lits), however Bemisia tabaci
population in all the treatments was significantly less than untreated control (16.40

whitefly/3 leaves).

After 4™ days of application minimum number of whitefly population 1.75
whitefly/3 leaves has been observed in Ts (flonicamid 50 WG@3ml/10lits + repeat at
15 days) followed by 2.45 whitefly/3 leaves in T3 (imidacloprid 17.8 SL@3ml/10 lits +
repeat 15days), 3.17 whitefly/3 leaves in T, (imidacloprid 17.8 SL@3ml/10 lits) and
3.82 whitefly/3 leaves in T4 ( flonicamid 50 WG@3ml/10lits), However Bemisia tabaci
population in all the treatments was significantly less than untreated control (16.78

whitefly/3leaves). Same trend has been observed on after 6™ days of first spray.

On the basis of overall mean population, Ts was most effective treatment
followed by T3, T4, and To.

It was concluded that treatment Ts of flonicamid 50 WG@3ml/10lits + repeat at
15 days were the promising treatments as they recorded minimum population after 2"

spray, followed by other treatments and untreated check.

Flonicamid also reduced the population of the whitefly by >85% when compared
to untreated controls after three rounds of foliar application at an interval of 10 days.
Kodandaram et al. (2017) flonicamid caused significantly maximum mortality of
whitefly. Ghelani et al. (2014) also stated that after 7 and 15days of application,
flonicamid at 0.02% caused 71.5 and 65.4% mortality of whitefly, Roditakis et al.
(2014), who also reported that flonicamid at the highest registered label rate, i.e., 125 mg
caused 95% mortality of the sweet potato whitefly 10 days after the treatment, The
cumulative efficacy of different insecticides against whiteflies at seven days of four
sprays showed that flonicamid 10 WG (1.78/3 leaves/plant), diafenthiuron 50 WP (2.05/3
leaves/plant) All the insecticides tested were superior to untreated check by recording
lower population of sucking pests. Among the insecticides tested, flonicamid10 WG was

found to be effective against all sucking pests.
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4.8.2. Efficacy of imidacloprid and flonicamid against aphid.

The periodical data on population of aphid (Myzus persicae Sulz.) were
recorded on potato one day before and 2%, 4™ and 6™ days after each application in

cropping season 2018-19 and is presented below:

Perusal of table Table 4.9 indicated that before first spray the mean population
of aphid varied from 15.28 to 19.42 aphid /3 leaves, no significant difference was

observed amongst treatments.

After two days of application minimum number of aphid population, 3.50 aphids/3
leaves has been observed in Ts (flonicamid 50 WG @ g/10 lits + repeat at 15 days) followed
by 3.79 aphids/3 leaves in T, (flonicamid 50 WG @3gm/lits), 3.88 aphids/3 leaves in T,
(imidacloprid 17.8 SL@3ml/10lits) and 4.25 aphids/3 leaves in T3 (Imidacloprid 17.8
SL@3ml/10lits + repeat at 15 days), however Myzus persicae population in all the treatments

was significantly less than untreated control (20.17 aphids/3 leaves).

After 4" days of application minimum number of aphid population, 2.80
aphids/3 leaves has been observed in T, (imidacloprid 17.8 SL@3ml/10lits) followed
by 3.34 aphids/3 leaves in T4 (flonicamid50 WG @3gm/lits), 3.34 aphids/3 leaves in Ts
(flonicamid 50 WG @ g/10 lits + repeat at 15 days), and 3.41 aphids/3 leaves in T,
(imidacloprid17.8 SL@3ml/10lits + repeat at 15 days), however Myzus persicae
population in all the treatments was significantly less than untreated control (20.70
aphids/3leaves). Same trend has been observed on 6™ day of spray.

On the basis of overall mean population, T, was most effective treatment
followed by Ts, T3, and To.

A perusal of table 4.9 indicated that before 2" spray the mean population of
Aphid varied from 14.95 to 18.60 /3 leaves no significant difference was observed

amongst treatments.

After 2 days of application minimum number of whitefly population was
minimum 1.59 aphids/3 leaves has been observed in Ts (flonicamid 50 WG @g/10 lits
+ repeat at 15 days) followed by 2.05 aphids/3 leaves in T3 (fmidacloprid 17.8
SL@3ml/10lits + repeat at 15 days), 3.59 aphids/3 leaves in T4 (flonicamid 50 WG
@g/10 lits) and 4.08 aphids/3 leaves (imidacloprid 17.8 SL @3ml/10lits), however
Myzus persicae population in all the treatments was significantly less than untreated
control (20.37 aphids/3 leaves).
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Table 4.9: Efficacy of flonicamid and imidacloprid foliar spray against aphid (2018-19)

Per leaf population of aphid

Trﬁ?' Treatments Dose Days after first Spray Days after second spray
PTC |2 4 6 Mean [%ROC| PTC |2 4 6 Mean|%ROC
T1 | Control 19.42 | 20.17 | 20.70 | 20.27 [20.38 | - 18.60 | 20.37 | 18.90 | 17.27 | 18.84 | -
(4.46) | (4.5) | (4.60) | (4.55) (4.36) | (4.56) | (4.40) | (4.21)
T2 | Imidacloprid17.8SL | 3ml/10lits | 15.28 | 3.88 | 2.8 485 (384 | 81.13 | 15.86 | 4.08 |3.4 485 | 411 | 78.17
(3.96) | (2.05) | (1.78) | (2.29) (4.03) | (2.10) | (1.96) | (2.29)
T3 | Imidacloprid 17.8SL | 3ml/10 | 17.16 | 425 | 3.41 | 3.76 |3.81 | 81.30 | 17.14 | 2.05 | 1.81 | 2.36 | 2.07 | 88.97
+ repeat at 15 days lits (4.2) | (2.16) | (1.97) | (2.02) (4.19) | (1.52) | (1.42) | (1.66)
T4 | Flonicamid 50 WG | 3gm/10 | 16.73 | 3.79 | 334 | 3.78 |3.64 | 8213 | 1584 | 3.59 | 354 | 3.78 | 3.64 | 80.67
lits (4.14) | (2.04) | (1.94) | (2.04) (4.03) | (1.99) | (1.99) | (2.04)
T5 | Flonicamid 50 WG + | 3gm/10 | 1543 | 350 | 334 | 3.36 [3.07 | 8492 | 1495 | 1.59 | 1.34 | 2.16 | 1.80 | 90.41
repeat at 15 days lits (3.98) | (1.95) | (1.66) | (1.94) (3.92) | (1.53) | (1.32) | (1.60)
SE(m)+ 882 | 182 | .112 |.148 890 |.190 (0132 [133
CD @ 0.05 % 264 | 546 |.338 | .445 266 | 572 132 | 198
F value ns kel kel ** Ns ** ** il

PTC:Pre-treatment, H: Hours, ROC:Reduction over control
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After 4" days of application minimum number of aphid population was
minimum 1.34 aphids/3 leaves has been observed in T, (flonicamid 50 WG @g/10 lits
+ repeat at 15 days) followed by 1.81 aphids/3 leaves in T, (imidacloprid 17.8 SL @
3ml/10lits + repeat at 15 days), 3.40 aphids/3 leaves in T, (imidacloprid 17.8 SL @
3ml/10lits), 3.54 aphids/3 leaves in T, (flonicamid 50 WG @g/10 lits), however Myzus
persicae population in all the treatments was significantly less than untreated control

(18.90 aphids/3 leaves). Same trend has been observed on 6™ days of spray.

On the basis of overall mean population, Ts was most effective treatment
followed by T3, T4, and T,

It was concluded that treatment Ts of flonicamid 50 WG@3ml/10lits + repeat at
15 days were the promising treatments as they recorded minimum population after 2"

spray, followed by other treatments and untreated check.

The present findings are in agreement with Morita et al. (2007) who reported
that flonicamid was very effective against aphids, regardless of differences in species,
stages, and morphs as this compound inhibited the feeding behavior of aphids within
0.5 h of treatment. Fonseca et al. (2011) carried out an experiment to evaluate the
efficacy of flonicamid against Aphis gossypii on cotton crop and reported foliar
application was effective in control of the pest. Scarpellini et al. (2011) conducted a
trial to study on aphid Aphis gossypii, in the cotton crop with the insecticides
flonicamid, thiamethoxam, acetamiprid and imidacloprid and reported that flonicamid
presented the highest selectivity for aphid control. A study was conducted by Bartual
et al. (2012) to manage the aphids Aphis gossypii and Aphis punicae, and the study
revealed that new generation insecticide flonicamid was very effective in controlling
aphids. Rouhani et al. (2013) reported that flonicamid at 0.1 mg/ml had the highest
mortality against aphids. Flonicamid and dinotefuran were newer chemicals;
therefore, research reviews were not available in literature on their effectiveness
against aphid on Btcotton. Kolhe et al. (2009) Imidacloprid and thiamethoxam were
statistically at par with flonicamid after 3 days of application. Ghelani, et al. (2014)
the treatments with flonicamid caused significantly maximum mortality of aphid after
3, 7 and 15 days.
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4.8.3. Efficacy of imidacloprid and flonicamid against hopper.

The periodical data on population of hopper (Empoasca devastans) were
recorded on potato one day before and 2%, 4™ and 6™ days after each application in

cropping season 2018-19 and is presented below:

As indicated in Table 4.10 before first spray the mean population of hopper
varied from 8.20 to 10.24 hopper /3 leaves, no significant difference was observed

amongst treatments.

After two days of application minimum number of hopper population, 1.53
hoppers/3 leaves has been observed in Ts (flonicamid 50 WG @gm/10 lits + repeat at 15
days) followed by 1.85 hoppers/3 leaves in T, (imidacloprid 17.8 SL@3ml/10lits), 1.94
hoppers/3 leaves in T, (flonicamid 50 WG@gm /10 lits) and 2.15 hoppers/3 leaves in T;
(imidacloprid 17.8 SL@3ml/10lits + repeat at 15 days), however the population of hopper

in all the treatments was significantly less than untreated control (9.43 hoppers/3 leaves).

After 4™ day of application minimum number of hoppers population (1.15
hoppers/3 leaves) has been observed in T, (imidacloprid 17.8 SL@3ml/10lits) followed
by 1.17 hoppers/3 leaves in Ts (flonicamid 50 WG @g/10 lits + repeat at 15 days), 1.49
hoppers/3 leaves in T3 (imidacloprid 17.8 SL@3ml/10lits + repeat at 15 days), and 1.53
hoppers/3 leaves T, (flonicamid 50 WG @g/10 lits), however the population of hoppers

in all the treatments was significantly less than untreated control (10.49 hoppers/3leaves).
Same trend has been observed on 6™ day of spray.

On the basis of overall mean population, Ts was most effective treatment
followed by T, T4, and To.

A perusal of Table 4.10 indicated that before 2" spray the mean population of
hopper varied from 8.79 to 10.62 /3 leaves no significant difference was observed

amongst treatments.

After 2 days of application minimum number of hoppers population was
minimum 0.87 hoppers/3leaves has been observed in Ts (flonicamid 50 WG @g/10 lits
+ repeat at 15 days) followed by 1.75 hoppers/3leaves in T3 (imidacloprid 17.8
SL@3mI/10lits + repeat at 15 days), 2.25 hoppers/3leaves in T, (imidacloprid 17.8
SL@3mI/10lits) and 2.34 hoppers/3leaves in T, (flonicamid 50 WG @g/10 lits),
however, the population of hopper in all the treatments was significantly less than

untreated control (9.63 hoppers/3 leaves).
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Table 4.10: Efficacy of flonicamid and imidacloprid foliar spray green hopper (2018-19)

Treat. Per leaf population of green hopper
No. Treatments Dose Days after first Spray Days after second spray
PTC| 2 4 6 Mean %6ROC| PTC | 2 4 6 | Mean|%ROC
T1 | Control 10.08 | 9.43 | 10.49 | 10.49 | 10.13 10.62 | 9.63 | 10.69 | 10.49 | 10.27
(3.24) | (3.14) | (3.30) | (3.30) (3.32) | (3.17) | (3.33) | (3.30)
T2 |Imidacloprid17.8SL | 3ml/10lits | 8.71 | 1.85 | 1.15 | 1.68 | 1.56 | 8458 | 879 | 2.25 |11.25| 2.28 | 1.96 | 80.89
(3.02) | (1.22) | (1.26) | (1.45) (3.03) | (1.64) | (1.35) | (1.66)
T3 | Imidacloprid 17.8SL | 3ml/10 | 10.24 | 2.15 | 149 | 165 | 1.76 | 8257 | 10.02 | 1.75 | 1.09 | 1.25 | 1.36 | 86.71
+ repeat at 15 days lits (3.27) | (1.61) | (1.40) | (1.45) (3.23) | (1.46) | (1.24) | (1.31)
T4 |Flonicamid 50 WG | 3gm/10 | 820 | 1.94 | 153 | 172 | 1.73 | 8288 | 899 | 234 | 153 | 1.72 | 1.86 | 81.81
lits (2.93) | (1.52) | (1.41) | (1.48) (3.06) | (1.67) | (1.41) | (1.48)
T5 | Flonicamid 50 WG + | 3gm/10 | 927 | 153 | 117 | 121 | 1.30 | 87.10 | 9.84 | 087 | 0.37 | 0.81 | 0.68 | 93.32
repeat at 15 days lits (3.10) | (1.38) | (1.23) | (1.30) (32) | (1.13) | (92) | (1.12)
SE(m)z 123 139 | .121 | .919 118 | 138 | .952 | .983
CD @ 0.5 % 369 418 | 364 | .275 356 | .414 | 285 | .294
F value ns kel kel ** ns ** ** fakad

PTC: Pre-treatment, H: Hours, ROC:

Reduction over control
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After 4™ day of application minimum number of hopper population was
minimum 0.37 hopper/3 leaves has been observed in Ts (flonicamid 50 WG @g/10 lits
+ repeat at 15 days) followed by 1.09 hopper/3leaves in T, imidacloprid 17.8
SL@3ml/10lits + repeat at 15 days), 1.25 hoppers/3 leaves in imidacloprid 17.8
SL@3mI/10lits) and 1.53 hoppers/3 leaves in T, (flonicamid 50 WG @g/10 lits),
however the population of hopper in all the treatments was significantly less than
untreated control (9.98 hoppers/3leaves). Same trend has been observed on after 6™

days of spray.

On the basis of overall mean population, Ts was most effective treatment
followed by T3, T4, and To.

It was concluded that treatment Ts of flonicamid 50 WG@3ml/10lits + repeat at
15 days were the promising treatments as they recorded minimum population after 2"

spray, followed by other treatments and untreated check.

Misra (2009) screened four insecticides including flonicamid 50 WG,
imidacloprid 17.8 SL, thiamethoxam 25% WG and clothianidin 50 WDG against the
brown plant hopper, Nilaparvata lugens (Stal.) and showed that low BPH population
(1.40-1.30/hill) was observed with flonicamid 50 WG @ 150 g a.i./ha with a reduction
of 90.30% over untreated control. Ravikumar (2014) reported among the different
insecticides tested flonicamid 10 WG were able to reduce the population of jassid (3.17

/3leaves/plant).
4.8.4. Efficacy of imidacloprid and flonicamid against thrips.

The periodical data on population of thrips (Thrips palmi) were recorded on
potato one day before and 2", 4™ and 6™ days after each application in cropping season

2018-19 and is presented below:

Table 4.11 revealed that before first spray the mean population of thrips varied
from 13.18 to 15.36 thrips /3 leaves, no significant difference was observed amongst

treatments.

After two days of application minimum number of population, 2.70 thrips/3
leaves has been observed in Ts (flonicamid 50 WG @3ml/10lits + repeat at 15 days)
followed by 3.05 thrips/3 leaves in T3 (imidacloprid 17.8 SL@3ml/10 lits + repeat
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15days), 4.05 thrips/3 leaves in flonicamid 50 WG @3ml/10lits), 4.28 thrips/3 leaves in
T, (imidacloprid 17.8 SL@3ml/10 lits), however the Thrips palmi population in all the

treatments was significantly less than untreated control (13.96 thrips/3 leaves).

After 4™ days of application minimum number of population, 1.94 thrips/3
leaves has been observed in Ts (flonicamid 50 WG @3ml/10lits + repeat at 15 days
followed by 2.61 thrips/3 leaves in T3 (imidacloprid 17.8 SL@3ml/10 lits + repeat
15days), 3.20 thrips/3 leaves in T, (imidacloprid 17.8 SL @3ml/10 lits) and 3.74
thrips/3 leaves in T, (flonicamid 50 WG @3ml/10lits), however the Thrips palmi
population in all the treatments was significantly less than untreated control (13.96

thrips/3 leaves).
Same trend has been observed after 6™ days spray.

On the basis of overall mean population, Ts was most effective treatment
followed by T3, T, and Ta.

Table 4.11 revealed that before 2™ spray the mean population of thrips varied
from 12.76 to 14.16 thrips /3 leaves, no significant difference was observed amongst

treatments.

After 2 days of application minimum number of thrips population was minimum
1.90 thrips /3 leaves) has been observed in Ts (flonicamid 50 WG@3ml/10lits + repeat at
15 days) followed by 1.85 thrips/3 leaves in T, (imidacloprid 17.8 SL@3ml/10 lits +
repeat 15days), 3.99 thrips/3 leaves in T4 (flonicamid 50 WG @3ml/10lits) and 4.28
thrips/3 leaves in T, (imidacloprid 17.8 SL@3ml/10 lits), however the Thrips palmi
population in all the treatments was significantly less than untreated control (13.16

Thrips/3 leaves).

After 4™ days of application minimum number of population was minimum
1.34 thrips/3 leaves) has been observed in Ts (flonicamid 50 WG @3ml/10lits + repeat
at 15 days) followed by 2.21 thrips/3 leaves in T3 (imidacloprid 17.8 SL@3ml/10 lits +
repeat 15days), 2.40 thrips/3 leaves in flonicamid 50 WG @3ml/10lits) and 3.14
thrips/3 leaves in T, (imidacloprid 17.8 SL@3ml/10 lits), However the Thrips palmi
population in all the treatments was significantly less than untreated control (13.96

thrips/3leaves). Same trend has been observed on after 6™ days spray.
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Table 4.11: Efficacy of flonicamid and imidacloprid foliar spray against thrips(2018-19)

Per leaf population of thrips

Trﬁ?‘ Treatments Dose Days after first Spray Days after second spray
PTC | 2 4 6 Mean |%ROC| PTC |2 4 6 Mean | %ROC
T1 | Control 15.36 | 13.96 | 13.96 | 13.96 | 13.96 | - 12.76 | 13.16 | 13.96 | 12.56 [13.23 | -
(3.97) | (3.80) | (3.80) | (3.80) (3.62) | (3.69) | (3.79) | (3.61)
T2 | Imidacloprid 17.8SL | 3ml/10lit | 14.56 | 4.28 | 3.2 365 | 3.71 | 7340 | 13.96 | 4.28 |24 3.85 (351 |73.45
(3.86) | (2.16) | (1.92) | (2.02) (3.78) | (2.16) | (1.67) | (2.07)
T3 | Imidacloprid 17.8SL | 3ml/10 | 14.18 | 3.05 | 2.61 | 356 | 3.07 | 77.96 | 13.98 | 1.85 | 221 | 2.76 |2.27 |82.79
+ repeat at 15 days lit (3.82) | (1.87) | (1.75) | (1.96) (3.79) | (1.49) | (1.57)| (1.78)
T4 | Flonicamid 50 WG | 3gm/10 | 13.96 | 4.05 | 3.74 | 378 | 3.86 |72.34 | 14.16 | 3.99 | 3.14 | 3.78 |3.64 |72.48
lits (3.80) | (2.11) | (2.04) | (2.04) (3.82) | (2.08) | (1.89) | (2.04)
T5 | Flonicamid 50 WG + | 3gm/10 | 13.18 | 270 | 1.94 | 3.96 | 2.87 |79.42 | 1392 | 1.90 | 1.34 | 1.49 |1.67 |87.36
repeat at 15 days lits | (3.69) | (1.76) | (1.55) | (1.07) (3.78) | (1.50) | (1.32) | (1.60)
SE(m) 129 | 135 | .799 | .178 146 | .154 |.162 |897
CD @ 0.5 % 388 | 406 | 239 | 534 440 | 461 [.488 [269
CV (%) 756 | 12.93 | 1054 | 16.73 8.72 | 15.73 |17.75 [9.11
F value ns x| wx . ns o o e

PTC:Pre-treatment, H: Hours, ROC:Reduction over control
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On the basis of overall mean population, Ts was most effective treatment
followed by T3, T,, and Ta.

It was concluded that treatment Ts of flonicamid 50 WG@3ml/10lits + repeat at
15 days were the promising treatments as they recorded minimum population after 2™

spray, followed by other treatments and untreated check.

Sathyan et al. (2016). reported flonicamid 50 WG and imidacloprid 17.8 SL
were able to reduce the population of thrips by more than 45 percent and flonicamid 50
WG, imidacloprid 17.8 SL was found more effective against sucking insect pest’s viz.,
leafhopper, aphid, thrips, and whitefly infesting cotton. Ghelani et al. (2014) significant
difference in mortality of thrips was found due to insecticidal treatments after 3, 7 and 15
days of their applications. After 3, 7 and 15 days of application, flonicamid caused
significantly maximum mortality of thrips. Bambhaniya et al. (2018) reported per cent
reduction in pest population over control of thrips recorded at the second day after
spraying in Imidacloprid 0.005 per cent with 37.63 per (2.27 thrips/3 leaves), flonicamid
0.015 per cent with 35.22 per cent (2.32 thrips/3 leaves),

4.9. Effect of different treatments on the population of natural enemies during
crop season 2018-19

4.9.1 Impact on ladybird beetle (Coccinella septumpunctata)

The population of grubs and adults of ladybird beetle in each treatment was
recorded after 2", 4th and 6™ days of insecticidal application. The data are summarized

below.

The number of ladybird beetles observed before spray varied from 1.82 to 3.53
ladybird beetles/plant. At 2™ day after spray, coccinellids population varied from (0.99
coccinellids /plant) with flonicamid 50 WG @3ml/10lits + repeat at 15 days followed
by imidacloprid 17.8 SL@3ml/10 lits + repeat 15days (1.32 ladybird beetles/plant),
imidacloprid 17.8 SL @3ml/10 lits (1.39 ladybird beetles/plant), flonicamid 50 WG
@3ml/10lits (1.40 ladybird beetles/plant),

At 4™ day after spray, coccinellids population varied from (1.18 coccinellids
/plant) with imidacloprid 17.8 SL@3mI/10 lits + repeat 15days followed by imidacloprid
17.8 SL@3mI/10 lits (1.55 ladybird beetles/plant), flonicamid 50 WG @3ml/10lits +
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repeat at 15 days (1.56 ladybird beetles/plant), flonicamid 50 WG @3ml/10lits
(1.64 ladybird beetles/plant),

At 6™ day after spray, coccinellid population varied from (1.12 coccinellids/
plant) with imidacloprid 17.8SL @3ml/10 lits + repeat 15days followed by
imidacloprid 17.8 SL@3ml/10 lits (1.23 ladybird beetles/plant), flonicamid 50 WG
@3ml/10lits + repeat at 15 days (2.12 Ladybird beetles/plant) flonicamid 50 WG
@3ml/10lits (2.54 ladybird beetles/plant),

On the basis of overall mean population, T, was most effective treatment
followed by T, Ts, and Ts.

A perusal of data collected one day before 2" spray revealed that the number of

ladybird beetles observed was 1.87 coccinellids/plant to 3.27 coccinellid /plant.

At the 2" day after spray, coccinellid population varied from (1.29
coccinellids/plant) with imidacloprid 17.8 SL@3ml/10 lits followed by, imidacloprid
17.8 SL@3ml/10 lits + repeat 15days (1.37 ladybird beetle/plant). flonicamid 50 WG
@3ml/10lits + repeat at 15 days (1.42 ladybird beetle/plant), flonicamid 50
WG@3ml/10lits (1.45 ladybird beetle/plant). At 4™ day after spray, coccinellids
population varied from imidacloprid 17.8SL@3ml/10 lits + repeat 15days (0.46
ladybird beetles/plant), followed by flonicamid 50 WG@3ml/10lits + repeat at 15 days
(1.14 ladybird beetles/plant), imidacloprid 17.8 SL@3ml/10 lits (1.03 ladybird
beetles/plant, flonicamid 50 WG @3ml/10lits (1.22 ladybird beetles/plant.

At 6" day after spray, coccinellids population varied from imidacloprid 17.8
SL@3ml/10 lits + repeat 15days (0.60 ladybird beetles/plant), followed by imidacloprid
17.8 SL@3mI/10 lits (0.95 ladybird beetles/plant), flonicamid 50 WG@3ml/10lits
(1.16 ladybird beetles/plant), flonicamid 50 WG@3ml/10 lits + repeat at 15 days (1.15
ladybird beetles/plant.

On the basis of overall mean population, T3 was most effective treatment
followed by T, T,, and Ts.

A comparison of data during the cropping season Winter 2018-19, after the
application of insecticides in different treatments revealed that the application of
flonicamid 50 WG@ 3ml/10 lits were the safest insecticides as they recorded a

maximum population of natural enemies after two spray, followed by other treatment.
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Table 4.12: Effect of flonicamid and imidacloprid foliar spray against coccinellids (2018-19)

Treat.

Number of coccinellids per plant

No. Treatments Dose Days after first Spray Days after second spray
PTC 2 4 6 Mean | PTC 2 4 6 Mean

T1 Control ] 3.53 3.53 4.16 4.26 308 3.27 3.00 2.49 2.77
(2.00) | (2.00) | (2.15) | (2.18) (1.94) | (1.86) | (1.70) | (1.80) | 2.75

T2 | Imidacloprid17.8SL 3ml/10lit 191 1.39 155 1.23 203 1.29 103 095
(1.54) | (1.37) | (142) | (1.31) | 139 | (156) | (1.33) | (1.21) | (1.18) | 1.09

T3 Imidacloprid 17.8SL 3ml/0 lit 1.82 1.32 1.18 1.12 2.20 1.37 0.46 0.60
+ repeat at 15 days (151) | (1.34) | (1.28) | (1.26) | 1.212 | (1.62) | (1.36) | (0.97) | (2.03) | 0.81

Ta Flonicamid 50 WG 3gm /10 lits 2.48 1.40 1.64 2.54 1.87 1.45 1.22 1.16
(1.72) | (1.37) | (1.46) | (174) 1.86 | (1.51) | (1.39) | (1.28) | (1.28) | 1.28

TS Flonicamid 50 WG 3gm /10 lits 2.37 0.99 1.56 2.12 156 2.43 1.42 1.14 1.15
+ repeat at 15 days (1.69) | (1.85) | (1.83) | (1.61) (1.70) | (1.38) | (1.27) | (1.17) | 1.24

SE(m)+ 393 .389 424 .386 179 .326 113 673

CD@0.5% 118 116 485 115 .350 977 .340 201

F value ns e e il ns il *x **

PTC:Pre-treatment H: Hours




Table 4.13: Effect of flonicamid and imidacloprid foliar spray againstspiders (2018-19)

Number of spiders per plant

Treat.

No. Treatments Dose Days after first Spray Days after second spray
PTC 2 4 6 Mean 2 4 6 Mean

1 Control ] 1.66 1.76 2.23 3.32 3.13 3.17 3.57 3.37
(1.46) | (1.50) | (1.64) | (1.95) | 2.44 | (1.90) | (1.91) | (2.01) | (1L96) | 3.37

. Imidacloprid17.85L aml/Lolit 1.36 0.60 0.77 1.06 1.79 1.36 1.01 1.00
(1.36) | (1.02) | (1.06) | (1.24) | 0.81 | (1.50) | (1.36) | (1.20) | (1.95) | 1.13

T3 Imidacloprid 17.8SL aml/10 lit 1.38 0.55 0.65 0.92 1.74 1.31 0.46 0.79
+ repeat at 15 days (1.37) | (1.01) | (2.06) | (119 0.71 | (149) | (1.34) | (0.97) | (1.11) 0.85

- Flonicamid 50 WG 3gm / 10 lits 1.33 1.38 1.33 1.57 2.56 2.35 1.17 0.79
(1.32) | (1.37) | (1.35) | (1.43) | 1.43 | (1.74) | (1.68) | (1.27) | (1.33) | 1.62

- Flonicamid 50 WG 3gm / 10 lits 1.38 1.06 1.15 1.47 2.24 1.53 1.14 1.34
+ repeat at 15 days (1.34) | (1.24) | (1.28) | (1.40) 1.23 | (1.74) | (1.68) | (1.27) | (1.24) 1.26

SE(m)+ 386 719 .720 460 476 215 216 110

CD@0.5% 115 215 216 138 142 726 723 330

F value ns ** ** ** ns ** ** **

PTC: Pre-treatment H: Hours




Pawar and Bharpoda (2013) also found that flonicamid @ 0.015% was safer
to the larval population of coccinellids in safflower. Similarly, Jansen et al. (2011)
reported flonicamid 50 WG @ 80 g a.i. ha™ as non-toxic to hoverflies, ladybirds,
parasitic Hymenoptera, carabid, and rove beetles Kar (2017). This result revealed that

imidacloprid had a more adverse effect on coccinellids.
4.9.2. Impact on spiders (Oxyopes satticus)

The population of spiders in each treatment was recorded after 2", 4™ and 6™
days of insecticidal application. The data are summarized below. The average number
of spider/plants observed just before 1% spray varied from 1.33 spiders/plant to 1.38
spiders/plant. At 2" day after spray, Spiders population varied from (0.55 spiders/plant)
with imidacloprid 17.8 SL@3ml/10 lits + repeat 15 days, followed by imidacloprid
17.8 SL@3ml/10 lits (0.60 spiders/plant), flonicamid 50 WG @3ml/10lits + repeat at
15 days (1.06 spiders/plant), flonicamid 50 WG @3ml/10lits (1.38 spiders/plant.

At 4™ day after spray spiders population varied from (0.65 spiders /plant) with
imidacloprid 17.8 SL@3ml/10 lits + repeat 15days followed by imidacloprid 17.8
SL@3ml/10 lits (0.77 spiders/plant), flonicamid 50 WG@3mlI/10lits + repeat at 15 days
(1.15 spiders/plant), flonicamid 50 WG@3ml/10lits (1.33 spiders/plant).

At 4™ day after spray spiders population varied from (0.92 spiders /plant) with
imidacloprid 17.8 SL@3ml/10 lits + repeat 15days followed by imidacloprid 17.8
SL@3ml/10 lits (1.06 spider/plant), flonicamid 50 WG@3ml/10lits + repeat at 15 days
(1.47 spiders/plant), flonicamid 50 WG@3ml/10lits (1.43 spiders/plant).

On the basis of overall mean population, Ts was most effective treatment
followed by T4, T,, and Ta.

A perusal of data collected one day before 2" spray, revealed that the number
of spiders observed were 1.74 to 3.13. At 2 day after spray, spiders population varied
from (1.31 spiders/plant) with imidacloprid 17.8 SL@3ml/10 lits + repeat 15days
followed by imidacloprid 17.8 SL @3ml/10 lits (1.36 spiders/plant), flonicamid 50 WG
@ 3ml/10lits + repeat at 15 days (1.53 spiders/plant), flonicamid 50 WG @3ml/10lits
(2.35 spiders/plant)

At 4™ day after spray, spiders population varied from (0.46 spiders/plant) with
imidacloprid 17.8 SL@3ml/10 lits + repeat 15days followed by imidacloprid 17.8
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SL@3ml/10 lits (1.01 spiders/plant), flonicamid 50 WG @3ml/10lits + repeat at 15
days (1.14 spiders/plant), flonicamid 50 WG @3ml/10lits (1.17 spider/plant),

At 6" day after spray, spiders population varied from (0.79 spiders/plant) with
imidacloprid 17.8 SL@3ml/10 lits + repeat 15 days followed by flonicamid 50 WG
@3ml/10lits (0.79 spiders/plant), imidacloprid 17.8 SL@3mI/10 lits (1.00 spiders/plant),
flonicamid 50 WG @3ml/10lits + repeat at 15 days (1.34 spiders/plant).

On the basis of overall mean population, T3 was most effective treatment
followed by T, Ts, and T,.

A comparison of data during the cropping season Winter 2018, after the
application of insecticides in different treatments revealed that the application of
flonicamid 50 WG @3ml/10lits were the safest insecticides as they recorded maximum

population of natural enemies after two sprays, followed by other treatment.

A perusal of the data obtained above revealed that the population of natural
enemies was noticeably lower after application of insecticides up to 4 days. Thereafter,
the population of natural enemies gradually increased in plots treated with flonicamid

during the season Rabi, 2018.

Kodandaram at al. (2017) reported flonicamid 50 WG did not cause any
phytotoxic symptoms. It was also safe to the natural enemies (spiders and rove beetles)
Kar (2017) Bioefficacy evaluation of imidacloprid 17.8% SL and thiamethoxam
against whitefly on tomato and their effect on natural enemies. The insecticides showed
no effect on the population of spider even at a higher dose of spray. On the other hand
maximum reduction of coccinellid, population was recorded when imidacloprid 17.8%

SL was applied @ 175ml/ha followed by 150 ml/ha at 3 and 7 days after spray.

4.10. Effect of flonicamid and imidacloprid on the yield of potato as a foliar
application

Data on marketable yield in kg /plot and ton/ha during the crop season winter,
2019 indicated that the yield of potato tuber under different insecticidal treatment
varied significantly from 18.6 to 16.54 T/ha. Maximum tuber yield (41.67 T/ha) was
recorded from plots treated with flonicamid 50 WG + repeat at 15 days which is
significantly differed from all other treatments. This was followed by imidacloprid
17.8SL + repeat at 15 days (38.33 T/ha), flonicamid 50 WG (35.67 T/ha), imidacloprid
17.8SL (34.33 T/ha), control (31.00 T/ha).
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Table 4.14: Effect of flonicamid and imidacloprid on yield of potato after foliar application (2018-19)

Treatment

Dose

Yield of marketable fruits

Kg/plot T/ha % increase over control

T1 |Control 18.6 31.00 -
T2 | Imidaclopridl7.8 SL 3 ml/10 lits 20.6 34.33 10.74
T3 | Imidacloprid 17.8 SL + repeat at 15 days 3 ml/10 lits 23 38.33 23.60
T4 | Flonicamid 50 WG 3gm/ 10 lits 214 35.67 15.06
T5 | Flonicamid 50 WG + repeat at 15 days 3gm/ 10 lits 25 41.67 34.41

SEm+ - 0.981 - -

CD at 0.5% - 2.966 - -

Kg: Kilogram ; T: Tone ; ha: Hectare
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Ghelani et al. (2014) Data on yield and economics revealed that significantly
higher yield of seed cotton was recorded in the treatments with flonicamid 0.02 per cent
and acetamiprid 0.004 per cent followed by imidacloprid 0.0089 percent, dinotefuran

0.008 per cent and thiamethoxam 0.01 per cent.

4.11 Bioefficacy of some novel insecticides as foliar spray and seed treatment
against insect pests of potato.

The efficacy of various treatments which include imidacloprid, thiamethoxam,
diafenthiuron and castor oil in combination at different doses was evaluated against

sucking insect pests of potato crop.

4.11.1. Efficacy of various treatments on the population of whitefly, Bemisia tabaci
(Gennadius) during crop season 2018-19

The periodical data on population of whitefly (B. tabaci) were recorded on
potato one day before and 24, 48 and 72 hours after each application during the

cropping season 2018-19 is presented below:

After studying Table 4.15 it was find out that before first spray the mean
population of whitefly varied from 12.35 to 15.92 whitefly/3 leaves, no significant

difference was observed amongst treatment.

After 24 hours of application minimum number of whitefly population, 1.74
whitefly/3 leaves has been observed in T, and T3 followed by 2.08 whitefly/3 leaves in
T4, 2.6 whitefly/3 leaves in Ts, 2.54 whitefly/3 leaves in Tg, 3.19 whitefly/3 leaves in
T, however whitefly, population in all the treatments was significantly less than

untreated control (12.75 whitefly/3 leaves).

After 48 hours of application minimum number of whitefly population, 1.17
whitefly/3 leaves has been observed in T, followed by 1.27 whitefly/3 leaves in Ty,
1.43 whitefly/3 leaves in Ty, 2.09 whitefly/3 leaves in Tg, 2.21 whitefly/3 leaves in Tj,
2.83 whitefly/3 leaves in Ts, however Bemisia tabaci population in all the treatments
was significantly less than untreated control (13.15 whitefly/3 leaves). Same trend has

been observed on 72 hours of spray.

On the basis of overall mean population, T, was most effective treatment
followed by T3, T4, Ts, Tz and Ts.
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Table 4.15: Efficacy of different insecticidal foliar spray and seed treatment against whitefly (2018-19)

Pre- . Pre- Hours after second
Treatment Dose spray Hours after first spray Mean ROC/;)C spray spray Mean R(?C
count 24H 48H 72H count | 24H | 48H 72H
T1 | Control - 12.35 12.75 | 13.15 | 14.77 | 13.56 - 10.45 | 10.96 | 11.96 | 12.93 | 11.95 -
(3.56) | (3.61) | (3.67) | (3.90) (3.29) | (3.37) | (3.52) | (3.65)
T2 | Imidacloprid 200 SL(ST) + 0.036g 15.3 1.74 1.17 118 | 1.36 | 89.93 | 157 1.01 | 0.74 1.11 0.95 | 91.98
Imidacloprid @60 g a.i./ha (FS) +| a.i/Plot (3.96) (148) | (1.28) | (1.28) (4.00) | (1.21) | (1.07) | (1.27)
Thiamethoxam 25 WG (SS) 0.06g
a.i/Plot
T3 | Diafenthiuron 50 WP(FS) 0.210g 15.92 1.74 2.21 126 | 1.40 | 89.62 | 15.72 | 2.01 | 2.11 2.04 2.05 | 82.77
a.i/Plot (4.05) | (1.48) | (1.30) | (1.28) (4.02) | (1.58) | (1.60) | (1.58)
T4 | Diafenthiuron 50 WP 0.210g 15.39 2.08 1.43 201 | 1.84 | 86.40 | 1599 | 1.50 1.2 1.63 1.44 | 87.88
(FS) + Diafenthiuron 50 WP (SS) | a.i/Plot (3.96) | (1.59) | (1.36) | (1.58) (4.04) | (1.40) | (1.23) | (1.44)
T5 | Castor oil @ 0.05(FS) 0.15 14.30 3.19 2.83 229 | 277 | 7953 | 1430 | 255 | 213 2.05 2.24 | 81.19
ml/Plot (3.82) | (1.91) | (1.81) | (1.65) (3.82) | (1.74) | (1.61) | (1.59)
T6 | Diafenthiuron 50 WP(FS)+ 0.210g 13.97 2.54 2.09 114 | 192 | 85.77 | 13.97 | 1.86 | 1.65 2.11 1.87 | 84.27
Castor oil @ 0.05 a.i/Plot (3.79) | (1.72) | (1.59) | (1.21) (3.79) | (1.52) | (1.46) | (1.58)
0.15
ml/Plot
T7 | Diafenthiuron 50 WP (FS)+ 0.210g 13.37 2.26 1.27 216 | 190 | 8597 | 13.14 | 161 | 153 1.78 1.63 | 86.35
Castor oil, Diafenthiuron (SS) a.i/Plot | (3.71) | (1.66) | (1.33) | (1.56) (3.68) | (1.44) | (1.42) | (1.48)
0.15
ml/Plot
CD at 0.05% 419 .348 .328 420 495 242 | .360 264
SEm+ 143 119 112 144 .169 829 | .123 904
F Va|Ue ns ** ** ** ns ** ** **

ST: Seed Treatment, FS: Foliar spray after 85 % emergence, SS: Second spray, H: Hours, ROC: Reduction over control
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A perusal of table 4.15 indicated that before 2" spray the mean population of
whitefly varied from 10.45 to 15.99 /3 leaves no significant difference was observed

amongst treatments.

After 24 hours of application minimum number of whitefly population, 1.01
Whitefly/3 leaves) has been observed in T, followed by 1.50 whitefly/3 leaves in T,,
1.61 whitefly/3 leaves in T, 1.86 whitefly/3 leaves in Tg, 2.01 whitefly/3 leaves in T3
and 2.55 whitefly/3 leaves Ts, however the Bemisia tabaci population in all the

treatments was significantly less than untreated control (10.96 whitefly/3 leaves).

After 48 hours of application minimum number of whitefly population, 0.74
whitefly/3 leaves has been observed in T, followed by 1.20 whitefly/3 leaves in Ty,
1.53 whitefly/3 leaves in T, 1.65 whitefly/3 leaves Ts, 2.11 whitefly/3 leaves in T3, and
Ts in 2.13 whitefly/3 leaves, however the whitefly population in all the treatments was

significantly less than untreated control (11.96 whitefly/3leaves).
Same trend has been observed on 72 hours of spray.

On the basis of overall mean population, T, was most effective treatment
followed by T4, T7, Ts, Tz and Ts.

It was concluded that treatment T2 which includes the application of seed
treatment with imidacloprid (200 SL) @ 0.04% followed by foliar spray of
imidacloprid @60 g a.i./ha at 85% emergence + second spray with thiamethoxam 25
WG @ 100g a.i./ha was most promising treatment as they recorded minimum

population after two sprays, followed by other treatments and untreated check.

Sharaf et al. (2003) reported that confidor and Best also induced the highest
initial activity on immature stages of whitefly. Khattak et al. (2004) found that
thiamethoxam (Actara) as well as imidacloprid (confidor) reduced the mean percent
population of whiteflies even 240 h after spraying. Asi et al. (2008) found that
imidacloprid was effective against whiteflies and jassids up to 168 h after spraying.
Abbas et al. (2012) population reduction of the three insect pests to 7 days post-
treatment on all tested cotton cultivars. However, Crown, Actar, and Assualt proved to
be highly effective against jassid and whitefly, the performance of tested insecticides
was affected by the cultivars against whitefly. Crown 24 h post application caused

maximum population reduction (91%). Jakhar et al. (2016) reported that seed
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treatment of moth bean with imidacloprid 17.8 SL @ 0.005 percent or thiamethoxam
35 FS @ 5 g/kg seed was found highly effective for the control of whitefly. Bajya et al.
(2016). study the comparative bioefficacy of diafenthiuron 47.8 SC, @ 286.8 g a.i./ha
was highly effective in suppressing the sucking pests viz., Amrasca biguttula biguttula
(Ishida), Aphis gossypii (Glover), Bemisia tabaci (Gennadius) and Scirtothrips

dorsalis Hood, and it had no adverse effects on the natural enemies.

4.11.2. Efficacy of various treatments on the population of aphid (Myzus persicae)
during crop season 2018-19

The periodical data on population of aphid (Myzus persicae) were recorded on
potato one day before and 24, 48 and 72 Hours days after each application during the

cropping season 2018-19 is presented below:

Perusal at table 4.16 indicated that before first spray the mean population of
aphid varied from 14.58 to 19.42 aphid/3 leaves, no significant difference was observed

amongst treatment.

After 24 hours of application minimum number of aphid population, 1.68
aphid/3 leaves has been observed in T, followed by 1.68 aphid/3 leaves in Ts, 1.75
aphid/3 leaves in Tg, 1.78 aphid/3 leaves in T4, 2.01 aphid/3 leaves in T, and 2.57
aphid/3 leave T3, however the aphid population in all the treatments was significantly

less than untreated control (12.78 aphid/3 leaves).

After 48 hours of application minimum number of whitefly population, 1.05
aphid/3 leaves) has been observed in T, followed by 1.18 aphid/3 leaves in T4, 1.19
aphid/3 leaves in Ts, 1.26 aphid/3 leaves in Tg, 1.60 aphid/3 leaves in T; and 1.90
aphid/3 leaves T3, however, the Myzus persicae population in all the treatments was
significantly less than untreated control (12.18 aphid/3 leaves). Same trend has been

observed on 72 hours of spray.

On the basis of overall mean population, T, was most effective treatment
followed by T, T, T4, Tsand Ts.

Perusal at table 4.16 indicated that before 2" spray the mean population of
aphid varied from 13.36 to 18.88 aphid/3 leaves, no significant difference was observed

amongst treatment.
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Table 4.16: Efficacy of different insecticides foliar spray and seed treatment against aphid (2018-19)

Pre- . Pre- Hours after second
Treatment Dose spray Hours after first spray Mean % | spray spray Mean %
count 24H 48H 72H ROC | count | 24H 48H 72H ROC

T1 | Control - 1458 | 12.78 12.18 | 14.18 | 13.04 - 13.36 | 12.87 | 12.08 | 14.18 | 13.04 -

(3.87) | (3.63) | (3.54) | (3.79) (3.71) | (3.65) | (3.54) | (3.79)

T2 | Imidacloprid 200 SL(ST) + 0.036g 15.53 2.01 1.05 1.09 1.38 | 89.38 | 15.72 | 1.29 | 0.82 0.69 | 0.934 | 92.83
Imidacloprid @60 g a.i./ha (FS) |  a.i/Plot (3.99) | (1.55) | (1.21) | (1.18) (4.01) | (1.33) | (1.12) | (1.06)
+Thiamethoxam 25 WG (SS) 0.6g a.i/Plot

T3 | Diafenthiuron 50 WP(FS) 0.210g 19.42 2.57 1.9 1.36 1.95 | 8499 | 18.88 | 2.57 2.82 2.36 2.58 80.15

a.i/Plot (4.46) | (1.70) | (1.52) | (1.30) (4.40) | (1.70) | (1.80) | (1.68)
Diafenthiuron 50 WP (FS) + 0.210g 15.28 1.78 1.18 1.22 1.39 | 89.33 | 1524 | 1.79 1.34 1.22 1.45 88.85

T4 | Diafenthiuron a.i/Plot (3.96) | (1.48) | (1.29) | (1.20) (3.96) | (1.51) | (1.35) | (1.20)

50 WP (SS)
T5 | Castor oil @ 0.05(FS) 0.15 17.16 1.68 1.19 1.62 15 |88.49 | 1695 | 1.99 1.77 1.42 2.06 84.16
ml/Plot (4.20) | (1.45) | (1.30) | (1.31) (4.17) | (1.57) | (1.49) | (1.67)
Diafenthiuron 50 WP(FS)+ 0.210g 16.73 1.75 1.26 2.06 169 | 86.99 | 16.88 | 1.74 1.43 1.66 1.61 87.61
T6 | Castor oil @ 0.05 a.i/Plot (4.14) | (1.48) | (1.32) | (1.52) (4.16) | (1.48) | (1.38) | (1.42)
0.15 ml/Plot
Diafenthiuron 50 WP 0.210g 15.43 | 1.68 1.60 0.64 | 1.13 | 91.26 | 1581 | 1.31 | 1.13 | 1.04 | 1.16 | 91.07
T7 | (FS)+ Castor oil, Diafenthiuron a.i/Plot (3.98) | (1.29) | (1.38) | (1.02) (3.96) | (1.34) | (1.26) | (1.21)
(SS) 0.15 ml/Plot
CD at 0.05% .269 397 345 .673 279 .256 270 .500
SEmz .924 136 118 230 .958 .880 .926 A71
F Value ns ** ** ** ns *%* **x **

ST: Seed Treatment, FS: Foliar spray after 85 % emergence, SS: Second spray, H: Hours, ROC: Reduction over control
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After 24 hours of application minimum number of aphid population, 1.29
aphid/3 leaves) has been observed in T, followed by 1.31 aphid/3 leaves in T, 1.74
aphid/3 leaves in Tg, 1.79 aphid/3 leaves in T4, 1.99 aphid/3 leaves in Ts and
2.57aphid/3 leaves in T3, however, the Myzus persicae population in all the treatments

was significantly less than untreated control (12.87 aphid/3 leaves).

After 48 hours of application minimum number of whitefly population, 0.82
aphid/3 leaves has been observed in T, followed by 1.13 aphid/3 leaves in T7, 1.34
aphid/3 leaves T3, 1.43 aphid/3 leaves in T, 1.77 aphid/3 leaves in Ts and 2.82 aphid/3
leaves in T3 however, the aphid, Myzus persicae population in all the treatments was
significantly less than untreated control (12.08 aphid/3leaves). Same trend has been

observed on 72 hours of spray.

On the basis of overall mean population, T, was most effective treatment
followed by T7, T4, Tg, Ts, and T3

It was concluded that treatment T, which includes the application of Seed
treatment with imidacloprid (200 SL) @ 0.04% followed by foliar spray of
imidacloprid @60 g a.i./ha at 85% emergence + second spray with thiamethoxam 25
WG @ 100g a.i./ha was most promising treatment as they recorded minimum

population after two sprays, followed by other treatments and untreated check.

Misra (2002) found that imidacloprid, as well as thiamethoxam, proved
significantly superior in controlling aphids and jassids. Aref (2011) found that
thiamethoxam and imidacloprid were the most effective against cotton aphids under
field conditions. In contrast to our findings, EI-Zahi (2005) reported that imidacloprid
proved to be the most effective against aphids causing a 98.17% reduction as the
general mean of the effect. EI-Dewy (2006) mentioned that imidacloprid (confidor)
proved to be a superior compound against aphids, jassids, and whitefly (adult). Preetha
at el, (2009). There was a hundred per cent mortality of aphids up to 7 days in the
higher dose of imidacloprid i.e. 50 g a.i. ha™ and 25 g a.i. ha * of imidacloprid and

1

thiamethoxam at 25 g a.i. ha ~, and order of relative efficacy of the insecticides based

on the persistent toxicity index was as follows: imidacloprid at 50 g a.i. ha * >
imidacloprid at 25 g a.i ha ™* > imidacloprid at 25 g a.i. ha * > thiamethoxam at 25 g a.i.

ha ™ > imidacloprid at 15 g a.i. ha * > methyl demeton at 125 g a.i. ha ™
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4.11.3. Efficacy of various treatments on the population of hopper (Empoasca
devastans) during crop season 2018-19

The periodical data on population of hopper were recorded on potato one day
before and 24, 48 and 72 hours days after each application during the cropping season

2018-19 is presented below:

Table 4.17 revealed that before first spray the mean population of hopper varied
from 8.21 to 11.36 hopper/3 leaves, no significant difference was observed amongst

treatment.

After 24 hours of application minimum number of hopper population, 1.07
hopper /3 leaves has been observed in T, followed by 1.15 hopper/3 leaves in Ts, 1.21
hopper/3 leaves in T4, 1.32 hopper/3 leaves in Tg, 1.35 hopper/3 leaves in T3 and 1.41
hopper/3 leaves in T;, however the Empoasca devastans population in all the

treatments was significantly less than untreated control (8.75 hopper/3 leaves).

After 48 hours of application minimum number of hopper population, 0.99
hopper /3 leaves) has been observed in T, followed by 1.58 hopper/3 leaves in T, 1.59
hopper/3 leaves in Tg, 1.89 hopper/3 leaves in Ts and 2.07 hopper/3 leaves in Ts,
however, the hopper population in all the treatments was significantly less than

untreated control (9.24 hopper/3 leaves). Same trend has been observed on 72 hours of
spray.

On the basis of overall mean population, Ts was most effective treatment

followed by T4, T7, T2, Tz and Ts.

Perusal at table 4.17 indicated that before 2™ spray the mean population of
hopper varied from 8.36 to 11.11 hopper/3 leaves, no significant difference was

observed amongst treatment.

After 24 hours of application minimum number of hopper population, 1.19
hopper /3 leaves) has been observed in T, followed by 1.42 hopper/3 leaves in T7, 1.32
hopper/3 leaves in T4, 1.51 hopper/3 leaves in Tg, 1.99 hopper/3 leaves in Ts and 2.19
hopper/3 leaves in Tz however, the Empoasca devastans population in all the

treatments was significantly less than untreated control (9.22 hopper/3 leaves).
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Table 4.17: Efficacy of different insecticides foliar spray and seed treatment against green hopper (2018-19)

Pre- . Pre- Hours after second
Treatment Dose spray Hours after first spray Mean ROC/;)C spray spray Mean R(g)C
count | 24H 48H 72H count | 24H 48H 72H
T1 |Control - 10.15 | 835 | 875 | 9.15 | 8.75 - 1015 | 9.22 | 924 | 944 | 9.30 -
(3.23) | (2.97) | (3.03) | (3.09) (3.25) | (3.11) | (3.10) | (3.14)
T2 |Imidacloprid 200 SL (ST) + 0.036g 1136 | 122 | 1.07 | 159 | 129 |85.16| 11.11 | 119 | 099 | 126 | 1.15 |87.63
Imidacloprid @60 g a.i./ha(FS) + | a.i/Plot | (3.42) | (1.31) | (1.18) | (1.43) (3.40) | (1.30) | (1.18) | (1.32)
Thiamethoxam 25 WG (SS) 0.6g a.i/Plot
T3 |Diafenthiuron 50 WP(FS) 0.210g 1008 | 149 | 135 | 1.16 | 1.33 |84.75| 10.84 | 219 | 207 | 216 | 214 |76.91
a.i/Plot | (3.24) | (1.40) | (1.35) | (1.17) (3.36) | (1.63) | (1.59) | (1.61)
T4 |Diafenthiuron 50 WP (FS) + 0.210g 831 | 138 | 1.21 | 1.07 | 1.22 |86.04| 858 | 1.32 | 1.32 | 147 | 137 |85.21
Diafenthiuron 50 WP (SS) a.i/Plot | (2.95) | (1.36) | (1.30) | (1.18) (3.05) | (1.34) | (1.35) | (1.39)
T5 | Castor oil @ 0.05(FS) 0.15ml/Plot| 9.44 | 112 | 115 | 1.16 | 1.14 |86.86| 10.21 | 1.99 | 189 | 1.14 | 167 |81.97
(3.15) | (1.24) | (1.25) | (1.26) (3.27) | (1.57) | (1.53) | (1.28)
T6 |Diafenthiuron 50 WP(FS)+ 0.210g 821 | 127 | 132 | 1.76 | 145 |83.38| 9.60 | 151 | 159 | 166 | 159 |82.88
Castor oil @ 0.05 a.i/Plot | (2.93) | (1.33) | (1.34) | (1.48) (3.15) | (1.41) | (1.44) | (1.46)
0.15 mi/Plot
T7 |Diafenthiuron 50 WP (FS)+ 0.210g 927 | 128 | 141 | 126 | 132 | 8489 | 836 | 142 | 158 | 155 | 1.52 |83.65
Castor oil, Diafenthiuron (SS) ai/Plot | (3.10) | (1.33) | (1.37) | (1.32) (2.96) | (1.38) | (1.43) | (1.41)
0.15 mi/Plot
CD at 0.05% 411 | 188 | .313 | .392 369 | .158 | .246 | .243
SEm:+ 140 | 645 | 107 | .134 126 | 542 | 945 | .835
F Value ns ** ** ** ns ** ** **

ST: Seed Treatment, FS: Foliar spray after 85 % emergence, SS: Second spray, H: Hours, ROC: Reduction over control
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Fig 4.14. Efficacy of different insecticides foliar spray and seed treatment against green hopper (2018-19)



After 48 hours of application minimum number of hopper population, 0.99
hopper /3 leaves) has been observed in T, followed by 1.32 hopper/3 leaves in T4, 1.58
hopper/3 leaves T;, 1.59 hopper/3 leaves Ts, 1.89 hopper/3 leaves in Ts and
2.07hopper/3 leaves T3, However the hopper population in all the treatments was
significantly less than untreated control (9.24 hopper/3leaves). Same trend has been

observed on 72 hours of spray.

On the basis of overall mean population, T, was most effective treatment
followed by T3, T4, T7, Teand Ts

It was concluded that treatment T, which includes the application of seed
treatment with imidacloprid (200 SL) @ 0.04% followed by foliar spray of
imidacloprid @60 g a.i./ha at 85% emergence + second spray with thiamethoxam 25
WG @ 100g a.i/ha was most promising treatment as they recorded minimum

population after two sprays, followed by other treatments and untreated check.

It is available in different formulations viz., WG, FS, WS, and SL. imidacloprid
@ 3 g/kg of seed, when mixed with polymer @ 40 ml/kg, provided good control
against okra jassids and fruit borer Satpathy et al. (2010). As foliar spray the
recommended dose is 20-25 g a.i/ha, for seed treatment the dose is @ 3.5-7 g/kg seed
and as seedling root dip the dose is 0.02-0.03% solution in okra Satpathy and Kumar,
(2010) chili, brinjal and tomato. Preetha et al. (2009). per cent mortality of leafhoppers
was observed up to 9 DAT was the higher dose of imidacloprid at 50 g a.i. ha -1 and up
to 7 DAT in the recommended dose of imidacloprid, standard check Tatamida and

thiamethoxam at 25 g a.i. ha -1

4.11.4. Efficacy of various treatments on the population of thrips (Thrips palmi)
during crop season 2018-19

The periodical data on population of thrips were recorded on potato one day
before and 24, 48 and 72 hours days after each application during the cropping season

2018-19 is presented below:

It has been observed after perusal of table 4.18 that before first spray the mean
population of thrips varied from 13.18 to 15.14 thrips/3 leaves, no significant difference

was observed amongst treatment.
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Table 4.18 Efficacy of different insecticides foliar spray and seed treatment against thrips (2018-19)

Pre - . Pre- Hours after second
Treatment Dose spray Hours after first spray Mean ROC/;JC spray spray Mean R(?C
count | 24H 48H 72H count 24H 48H 72H
T1 |Control - 13.39 | 12.19 12.79 | 1359 | 12.86 - 12.77 | 11.82 | 11.99 | 13.80 | 12.54 -
(3.71) | (3.54) | (3.63) | (3.73) (3.64) | (3.50) | (3.53) | (3.77)
T2 |Imidacloprid 200 SL(ST) + 0.0369 1514 | 1.62 131 1.39 144 |88.78 | 15.04 1.20 1.32 1.28 1.27 |89.84
Imidacloprid @60 g a.i./ha (FS) + a.i/Plot (3.95) | (1.39) | (1.34) | (1.36) (3.93) | (1.30) | (1.35) | (1.33)
Thiamethoxam 25 WG (SS) 0.6g a.i/Plot
T3 0.210g 1474 | 1.06 1.27 1.19 1.19 |90.82 | 13.82 2.36 2.08 2.15 2.20 | 8245
Diafenthiuron 50 WP(FS) ailPlot | (3.89) | (1.17) | (1.33) | (1.25) (3.77) | (1.66) | (1.60) | (1.61)
T4 | Diafenthiuron 50 WP (FS) + 0.210g 1456 | 2.05 2.35 1.21 1.21 | 8544 | 15.50 1.92 1.78 1.38 1.69 | 86.45
Diafenthiuron 50 WP (SS) a.i/Plot | (3.86) | (1.53) | (1.62) | (1.30) (3.97) | (1.55) | (1.50) | (1.37)
T5 0.15 14.18 1.32 1.97 1.63 1.63 |87.22 | 14.45 2.50 2.19 2.34 2.34 | 81.26
Castor oil @ 0.05(FS) mi/Plot | (3.82) | (1.34) | (1.55) | (1.45) (3.86) | (1.71) | (1.63) | (1.68)
T6 0.210g 13.96 141 1.21 1.62 1.62 |88.98| 14.7 1.40 1.82 1.57 159 |87.24
Diafenthiuron 50 WP(FS)+ a.i/Plot (3.80) | (1.35) | (1.30) | (1.39) (3.89) | (1.37) | (1.52) | (1.43)
Castor oil @ 0.05 0.15 ml/Plot
T7 |Diafenthiuron 50 WP (FS)+ 0.210g 13.18 | 2.59 1.36 1.15 1.15 |86.75 | 13.62 1.38 1.40 1.46 141 | 88.70
Castor oil, Diafenthiuron (SS) a.i/Plot | (3.69) | (1.73) | (1.29) | (1.17) (3.74) | (1.36) | (1.37) | (1.39)
0.15 ml/Plot
CD at 0.05% .370 .549 416 481 332 .269 .186 212
SEmz 126 .188 142 164 114 923 .638 728
F Value ns ** ** ** NS *%* **x **

ST: Seed Treatment, FS: Foliar spray after 85 % emergence, SS: Second spray, H: Hours, ROC: Reduction over control
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Fig. 4.15. Efficacy of different insecticides foliar spray and seed treatment against thrips (2018-19)



After 24 hours of application minimum number of thrips population, 1.06 thrips
/3 leaves) has been observed in T3 followed by 1.32 thrips/3 leaves in Ts, 1.41thrips/3
leaves in Tg, 1.62 thrips/3 leaves in T,, 2.05 thrips/3 leaves in T4 and 2.59 thrips/3
leaves in T, however the thrips population in all the treatments was significantly less

than untreated control (12.19 thrips/3 leaves).

After 48 hours of application minimum number of thrips population, 1.28 thrips
/3 leaves has been observed in Tg followed by 1.27 thrips/3 leaves in T3, 1.31 thrips/3
leaves T,, 1.36 thrips/3 leaves in T, 1.97 thrips/3 leaves in Ts, 2.35 thrips/3 leaves in
T4, however, the thrips population in all the treatments was significantly less than

untreated control (12.79 thrips/3 leaves). Same trend has been observed on 72 hours of
spray.

On the basis of overall mean population, T; was most effective treatment
followed by T3, T4, T2, Tg and Ts.

Perusal at table 4.18 indicated that before 2" spray the mean population of
thrips varied from 12.77 to 15.50 thrips /3 leaves, no significant difference was

observed amongst treatment.

After 24 hours of application minimum number of thrips population, 1.20 thrips
/3 leaves) has been observed in T, followed by 1.38 thrips/3 leaves in T7, 1.40 thrips/3
leaves in Tg, 1.92 thrips/3 leaves in T4, 2.36 thrips/3 leaves in T3 and 2.50 thrips/3
leaves in Ts, however the Thrips (Thrips palmi) population in all the treatments was

significantly less than untreated control (11.82 thrips/3 leaves).

After 48 hours of application minimum number of thrips population, 1.32 thrips
/3 leaves) has been observed in T, followed by1.40 thrips/3 leaves in T, 1.78 thrips/3
leaves in T4, 1.82 thrips/3 leaves in Tg, 2.08 thrips/3 leaves in T3 and 2.19 thrips/3
leaves in Ts, however the thrips population in all the treatments was significantly less

than untreated control (11.99 thrips/3leaves).
Same trend has been observed on 72 hours of spray.

On the basis of overall mean population, T, was most effective treatment
followed by T, Tg, T4, T3, and Ts.
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It was concluded that treatment T, which includes the application of seed
treatment with imidacloprid (200 SL) @ 0.04% followed by foliar spray of
imidacloprid @60 g a.i./ha at 85% emergence + second spray with thiamethoxam 25
WG @ 100g a.i./ha was most promising treatment as they recorded minimum

population after two sprays, followed by other treatments and untreated check..

Santharam et al. (2003). Seed treatment of imidacloprid 70 WS at 10, 20 and
30g kg-1 protected the seedlings in the nursery up to 45 days. The root dip of the
seedlings before transplanting had no effect on the thrips population. Foliar treatment
of imidacloprid 200 SL at 250, 375 and 500 ml ha-1 reduced the thrips population
significantly Koenig et al. (2001) Confidor (imidacloprid) effectively controlled
cotton thrips. The results of the present studies are favored by the results of who
determined that Actara 25 WG proved an excellent controlling agent against thrips.
Abbas et al. (2012) All evaluated insecticides, Crown, Actara and Asualt, 24 h after
application, have shown excellent performance against thrips on all cotton varieties.
Among insecticides crown proved to be highly effective with more than 90%
population reduction on varieties B.H.163 and V.H. 159. Kukvaya et al. (2018) the
treatment imidacloprid 17.8 SL @ 0.005 per cent found most effective with lowest
population of thrips and it was found at par with thiamethoxam 25 WG @ 0.008
percent. EI-Naggar, et al. (2013) it is obvious that imidacloprid and thiamethoxam
induced a fast initial effect. The reduction in the thrips population was 91.3 and
87.5% for imidacloprid, and 88.06 and 81.5% for thiamethoxam, in the 2010 and

2011 seasons, respectively.

4.12. Effect of different insecticide on yield of potato as foliar spray and seed
treatment during crop season 2018- 2019

Seed treatment with imidacloprid (200 SL) @ 0.04% followed by foliar spray of
imidacloprid @60 g a.i./ha at 85% emergence + second spray with thiamethoxam 25
WG @ 100g a.i./ha (41.63 T/ha), foliar spray of diafenthiuron 50 WP 350 g a.i. at 85%
emergence followed by second spray of diafenthiuron after 10 days (40.00 T/ha), foliar
spray of diafenthiuron 50 WP 350 g a.i. at 85% emergence (37.67 T/ha), foliar spray of
diafenthiuron 50 WP 350 g a.i. at 85% emergence mixed with castor oil @0.05% by
second spray with diafenthiuron afrer 10 days (36.00 T/ha), foliar spray of
diafenthiuron 50 WP 350 g a.i at 85% emergence mixed with castor oil @ 0.05%
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(35.00T/ha), foliar spray of castor oil @ 0.05% at 85% emergence (33.33T/ha). Lowest
tuber yield (18.6 T/ha) on the contrary was recorded with control plot. Highest percent
increase in yield over control (34.41%) was recorded in plots treated with seed
treatment with imidacloprid (200 SL) @ 0.04% followed by foliar spray of
imidacloprid @60 g a.i./ha at 85% emergence + second spray with thiamethoxam 25
WG @ 100g a.i./ha.
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Table 4.19: Effect of different insecticidal foliar spray and seed treatment on yield of potato (2018-19)

Treatment Dose Yield of marketable fruits
Kg/plot T/ha % Increase over control
T1 Control - 18.6 31.00 -
T2 Imidacloprid 200 SL(ST) + Imidacloprid @60 g 0.036g a.i/Plot 25 41.67 34.41
a.i./ha(FS) + Thiamethoxam 25 WG (SS) 0.6g a.i/Plot
T3 Diafenthiuron 50 WP(FS) 0.210g a.i/Plot 22.6 37.67 2151
T4 Diafenthiuron 50 WP (FS) + 0.210g a.i/Plot 24 40.00 29.03
Diafenthiuron 50 WP (SS)
T5 Castor oil @ 0.05(FS) 0.15 ml/Plot 20 33.33 7.51
T6 Diafenthiuron 50 WP(FS)+ 0.210g a.i/Plot 21 35.00 12.90
Castor oil @ 0.05 0.15 ml/Plot
T7 Diafenthiuron 50 WP (FS)+ 0.210g a.i/Plot 21.6 36.00 16.12
Castor oil, Diafenthiuron (SS) 0.15 ml/Plot
SEmz - 1.467 - -
CD at0.5% - 2.23 - -
C.V. 7.448

ST: Seed Treatment, FS: Foliar spray after 85 % emergence, SS: Second spray, H: Hours, Kg: Kilogram, T: Tone, ha: Hectare
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Chapter 5 SUMMARY AND CONCLUSION

The experiments on various aspects of the present study entitled “Management
of insect pests of potato with some novel insecticides” were conducted during rabi
2018-19. In the present investigation, field studies were conducted at the experimental
area of Vegetable Research Center (VRC), Govind Ballabh Pant University of
Agriculture and Technology, Pantnagar, District Udham Singh Nagar (Uttarakhand).

The results are summarized under the following three heads:

1. To study seasonal incidence of various insect pests and mite in potato crop in

Tarai region of Uttarakhand.
2. Comparison of imidacloprid and flonicamid against insect pests of potato.

3. Bioefficacy of some novel insecticides as foliar spray and seed treatment

against insect pests of potato.

In the present investigation, the study revealed that the sucking pests like aphid,
Myzus persicae, whitefly, Bemisia tabaci, thrips, Thrips palmi and leathopper,

Empoasca devastans were the major insect pests of the potato crop.

The activity of all these insect pests commenced from 4™ week of November
on potato variety Kufri Surya causing damage at various stages of the crop and
remained active almost up to full growth of the crop. The activity of leafthopper
(Empoasca devastans) initiated in the 3" week of November with peak in third week of
January with 5.43 nymphs and adults per plant with seasonal mean of 1.61 per plant.
The density of whitefly reached its peak population of 1.51 to 15.46 per plant during
the 3" week of November and 4™ week of January with seasonal mean of 5.34 per
plant. The population of thrips recorded its peak density of 2.20 to 18.80 per plant
during 3"week of December with a seasonal mean of 4.58 per plant. The aphid
recorded its peak activity of 0.84 to 12.13 per plant during last week of November with

a seasonal mean of 6.66 aphids per plant.

Natural enemy’s viz., ladybird beetle and staphylinid beetle made their

appearance on the crop in the last week of November and spiders made their first
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appearance on crop in the 4™ of November. The density of ladybird beetle increased
gradually with peak population of 0.04 to 0.56 per plant during 2"week of February
with a seasonal mean of 0.20 ladybird beetle per plant. The staphylinid beetle recorded
its peak population of 0.60 per plant during last week of January with a seasonal mean
of 0.27 staphylinid beetle per plant. The activity of Spider increased gradually with
peak activity of 0.12 to 0.56 per plant during last week of November with a seasonal

mean of 0.25 spiders per plant.

Among the predators, ladybird beetles like Menochilus sexmaculata, Coccinella
septumpunctata, Brymoides suturalis and a spider, Neoscona sp. were observed preying
on whiteflies, aphid, thrips, and leathopper. Another spider, Oxyopes sp. and
Tetranychus. and a predatory staphylinid beetle, Paederus dermatitis were observed
feeding on whitefly, aphid and leafthopper. Correlation studies were worked out
between the population of predators and that of sucking pests to see the effect of
predators on the activity of the insect pests. There existed a significant positive
correlation between aphids, thrips and predator ladybird beetle with “r” values 0.714%*,
0.66* respectively. The regression equation between the pests and predators was as

follows: Y = 0.129x — 0.233 R* = 0.509, Y =0.084 xs + 0.244 R* = 0.437

Comparative studies of two chemicals were conducted for their efficacy against
major pest of potato, of these, flonicamid 50 WG @ 3gm /10 lits with repeat 15 days
after 1% spray was found as the more effective than Imidacloprid insecticides against
aphids (Myzus persicae), whitefly (Bemesia tabaci), jassid (Empoasca devastans)

followed by other treatments.

After perusing the yield data it was observed that potato tuber yield was
maximum (41 t/ha) in flonicamid 50 WG @ 3g /10 lits + repeat at 15 days with 34.41

percent increase over control.

The effect of various treatments on natural enemies (spider, coccinellids)
conclude that flonicamid 50 WG @3gm/10 lits appeared to be the safest treatment with

single spray, however more spray resulted in mortality of natural enemies.

While studying the bioefficacy various insecticide it has been observed that
Seed treatment with imidacloprid (200 SL) @ 0.04% followed by foliar Spray of

imidacloprid @60 g a.i. /ha at 85% emergence and repeated second spray with
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thiamethoxam 25 WG @ 100g a.i. /ha was most effective against potato insect pest like
aphid (Myzus persicae), whitefly (Bemesia tabaci), jassid (Empoasca devastans)
followed by Diafenthiuron as compared to other treatments castor oil could not manage

the insect pests.

It was concluded that application of flonicamid 50 WG @ 3g /10 lits + repeat
at 15 days after attaining the pest population at economic threshold label effectively
managed the sucking pests population and seed treatment with imidacloprid (200 SL)
@ 0.04% followed by foliar Spray of imidacloprid @60 g a.i./ha at 85% emergence +
second spray with thiamethoxam 25 WG @ 100g a.i./ha was also effective against
sucking insect pests but while comparing the flonicamid and imidacloprid it has been

observed that flonicamid was more effective as compared to imidacloprid.

It has been noticed that injudicious and indiscriminate use of imidacloprid in
vegetable agro ecosystem leads to heavy contamination of vegetable crops and ill
effects on beneficial organism. Flonicamid could be a good alternative of the
imidacloprid for managing insect pests of potato due to its less toxicity against natural
enemies. Timely application of chemicals in potato crop may be very much beneficial
to farmers as every insect pests have its own threshold level for the crop however
alternate use of different group of chemicals with some botanicals may check the
development of resistance and resurgence of insect pests. In present investigation it has
been observed that novel molecule of flonicamid can be useful in management of

potato alone or in combination.
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APPENDIX

Weekly weather data
SATION NAME Pantnagar LONGITUDE 79 deg. 30’E
LATITUDE 29 deg. N ALTITUDE 243.84 m. AMSL
Month Date Year Metero. Temperature °C Relative humidity % Rainfall | Sun-Shine Wind
week Maximum | Minimum | Maximum | Minimum Hrs. velocity
(km/hr)
Nov ‘12-18 2018 46 26.5 11.8 93.3 63.1 0 6.5 2.3
Nov ‘19-25 2018 47 26.3 10.5 934 54.3 0 7.7 1.8
Nov-Dec 26-02 2018 48 26.4 10.7 94.6 60.6 0 6.4 1.9
Dec ‘03-09 2018 49 23.8 7.8 92.6 61.0 0 6.2 1.8
Dec ‘10-16 2018 50 22.6 6.6 94.6 60.4 0.8 6.3 1.9
Dec ‘17-23 2018 51 22.5 5.0 96.6 50.7 0 6.8 2
Dec 24-31 2018 52 20.3 2.7 97.1 51.9 0 6.7 2
Jan ‘01-07 2019 1 21.3 6.1 91 60 0 6 0
Jan ‘08-14 2019 2 21.6 5.7 94 57 0 5.7 0
Jan ‘15-21 2019 3 21.7 5.7 93 53 0 6.1 1.2
Jan 22-28 2019 4 20.5 8.6 88 50 14.2 3.8 4.3
Jan-Feb 29-04 2019 5 20.9 7.0 93 63 0 6.1 1.6
Feb ‘05-11 2019 6 21.1 9.1 95 66 15 4.7 34
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ABSTRACT

Name :Anil Rana 1.D. No. : 52538
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Major . Entomology Deptt. : Entomology
Thesis Title :  Management of insect pests of potato with some novel insecticides
Advisor :  Dr. R.M. Srivastava

Present study entitled "Management of insect pests of potato with some novel
insecticides” was conducted at Vegetable Research Center, G.B. Pant University of Agriculture
and Technology, Pantnagar in Tarai region of Uttarakhand during the year 2018-19. During the
course of study, the major insect pests observed attacking potato variety Kufri Surya were green
peach aphid (Myzus persicae Sulzer), thrips (Thrips palmi Kamy), leaf hopper, (Empoasca
devastans) and whitefly (Bemisia tabaci Genn.). The peak activity of green peach aphid (12.13
per plant) was observed during fourth week of November. In case of leaf hopper, peak activity
was recorded 5.43 per plant,during third week of January, whereas, peak activity of
whitefly(15.46) was recorded during second week of December and peak activity of thrips
(18.80)was recorded during third week of December.

Correlation studies were worked out between the population of predators and that of
sucking pests. There was a positive correlation between aphid and ladybird beetle, thrips and
lady bird beetle, leaf hopper and lady bird beetle with “r’ value of 0.94, 0.86 and 0.79,
respectively at 5 percent level of significance.

Comparative studies of two chemicals were conducted for their efficacy against major
insect pests of potato, of these, flonicamid 50 WG @ 3gm /10 lits with repeat 15 days after 1%
spray was found as the more effective than imidacloprid insecticides against aphids (Myzus
persicae), whitefly (Bemesia tabaci), jassid (Empoasca devastans)and thrips (Thrips
palmi)followed by other treatments. After perusing the yield data it was observed that potato
tuber yield was maximum (41 t/ha) in flonicamid 50 WG @ 3g / 10 lits + repeat at 15 days with
34.41 percent increase over control.

While studying the Bioefficacy of various insecticide it has been observed that seed
treatment with imidacloprid (200 SL) @ 0.04% followed by foliar Spray of imidacloprid @60 g
a.i. /ha at 85% emergence and repeated second spray with thiamethoxam 25 WG @ 100g a.i. /ha
was most effective against potato insect pest like aphid (Myzus persicae), whitefly (Bemesia
tabaci), jassid (Empoasca devastans) and thrips (Thrips palmi) followed by diafenthiuron as
compared to other treatments castor oil could not manage the insect pests.
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